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Fore\vord 




HE marvelous developments of the present day in the field 
of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc^ have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

C, The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 



C The Cyclopedia of Civil Engineering is a compilation of 
representative Instruction Books of the American School of Cor- 
respondence, and is based upon the method which this school 
has developed and effectively used for many years in teaching 
the principles and practice of engineering in its different 
branches. The success attained by this institution as a factor 
in the machinery of modem technical education is in itself the 
best possible guarantee for the present work. 

C Therefore, while these volumes are a marked innovation in 
technical literature — representing, as they do, the best ideas and 
methods of a large number of different authors, each an ac- 
knowledged authority in his work — they are by no means an 
experiment, but are in fact based on what long experience has 
demonstrated to be the best method yet devised for the educa- 
tion of the busy workingman. They have been prepared only 
after the most careful study of modem needs as developed 
under conditions of actual practice at engineering headquarters 
and in the field. 

C Grateful acknowledgment is due the corps of authors and 
collaborators — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose conapera- 
tion this work would have been impossible. 
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PLANE SUR VEYINa 

PART I. 



Surveying is the art of determining, from measurements made 
up6n the ground, the relative positions of j)oint8 or lines upon the 
surface of the earth and of keeping records of such measurements in 
a clear and intelligent manner so that a picture (called plat) maybe 
made of the lines or areas included in the survey. The records 
should be systematically arranged so that any person with a 
knowledge of surveying can use the notes intelligently. The field 
operations consist essentially of locating points, measuring lines 
and angles, measuring areas and laying out and dividing up areas. 
It is apparent that Arithmetic and Geometry are essential to the 
successful application of the principles of Surveying. 

The subject may be divided into two parts: Plane Surveying 
and Geodetic Surveying. 

In Plane Surveying, the portion of the earth included in the 
survey is regarded as a horizontal plane; in other words, the curva- 
ture of the earth's surface is neglected. In the ordinary operations 
of land surveying this assumption will not cause appreciable error 
as the lines and areas dealt wuth are of a limited extent. 

As Qeodetic Surveying, on the other hand, deals with extensive 
lines and vast areas, the effect of the curvature of the earth's sur- 
face must be taken into consideration. 

All of the operations of surveying must proceed from the 
direct to the indirect. That is to say, we must first measure 
directly certain quantities upon the ground and from these calcu- 
late certain other quantities that cannot be measured directly. It 
is, therefore, apparent that all field measurements must be made 
with the utmost care, consistent with the nature of the problem 
involved, and that habitual inaccuracy and slovenly methods of 
keeping field notes must be avoided. Full details accurately 
measured and carefully and systematically recorded should be the 
aim of every engineer who would ultimately achieve success. 

Co/y right, JifOS, by American School of Correspondence. 
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Measurement of lines. Probably thf most elementary prob- 
lem that jire^t-nta itsrlf is tu iiifasurt- tbt- burizontal distance be- 
twefU two |>oints \vitli«»ut tlit* usf of instruments. 

Tliis can best l»e done by j»acing, provided both points are 
accessible. In order to make this method of measurement efficient, 
it is necessary to determine as accurately as possible the lenj^th of 
one's f>ace. To do this, lay off ujM»n tirm, level ground by any 
convenient method, a line from oM to KM) feet in length . Pass 
over this line from end to end, back and forth, keeping careful 
account of the numl>er of steps taken each time the distance is 
covered. The total distance traversed, divided by the total number 
of stej)S will give the average length of one's j)ace. In thus 
ascertaining the length of the pace do not attempt to cover three 
feet at every step. It is l>etter to ado]»t a natural, swinging gait. 

Having thus determined the length of one's pace, the distance 
between two jwints may Ik:* measured approximately by walking 

in a straight line from j)oint to point 
and counting the number of steps. 
This numl)er muItiplitHl by the length 
of stej) will give the length of line 
requirtKl. If the intervening s|)ace 
*" l>etween the points cannot 1h^ trav- 
ersed, as for instance when the two 
points are on 0])jK)site sides of a stream, the width of the stream may 
be ascertained aiiproximately by stationinir an observer on eacli 
side and noting the time elapsing K-tween the Hash of a pistol 
and the sound of the report. This interval, in stH?onds, multiplied 
l)y 1,01>0 (velocity of sound in feet j)er second) will give the dis- 
tance in feet. Pro|KM' allowance must be made for direction and 
intensity t)f win<l an<l therefore measurements of this kind had 
best be made upon a quiet day. 

Anotlier elementary prolilem frequentlv met wnth is as follows: 
ite(iuiied to determine the altitude of an ol»jeet such as a house or 
a tree, without the use of an instrument. 

To solve this problem, take an ordinary lead |)encil and hold 
It in a vertieal position about two feet from the eye, the observer 
lu'ing far enough from the object for the visual angle intercepted 
by the pencil to just cover the object from top to bottom. The 
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observer then paces the distance from his position to tlie object. 
The height of the object is detenniued as follows : 

Let A, Fig. 1, represent the position of the observer's eye; 
BC the pencil held at the distance AD from the eye; EF the object 
whose height is to be ascertained. AH is the distance from the 
observer to the object and is to be paced. Then from similar 
triangles we have 

RC V ATT 

BC : EF : : AD : AH, or EF = - -~^— 

AD 

For example, suppose the pencil is seven inches long and is 
held at a distance of two feet from the eye; the distance from the 
observer to the object being 85 feet. Then from the formula 

7 
j2 X85 

EF = ^ — = 24.8 feet nearly. 

In this, as in other problems, all quantities should be reduced to 
the same units. 

The examples just given must be understood as illustrations 
merely and the student should avoid slipshod methods ; under- 
standing that his best efforts will be needed in all surveying prob- 
lems, and that the best is none too good. 

SURVEYING WITH INSTRUMENTS. 

Qunter's Chain, so called from the inventor, is well adapted 
to all classes of problems involving the calculation of areas from 
lines measured in the field. For many years this chain has been 
the English linear unit for all land measurements. It should be 
made of steel; it is 6(5 feet or 4 rods in length and has 100 links, 
each 7.92 inches. The handles are fitted with swivels to prevent 
the chain from kinking, and at every tenth link from either end is 
attached a brass tag with 1, 2, 3 or 4 prongs to assist in measuring. 
Thus the tag of four prongs indicates 40 links from one end, (See 
Fig. 2) but it rej)resents (JO links from the other end; therefore 
care must be exercised in measuring, or distances may be measured 
from the wrong end of the chain. The 50-link mark is round 
in form so that it may be easily distinguished from the other tags- 
Since the parts are called links, the length is expressed in chains 
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and links; it is written tbus: 15 uhaina and S2 links ia 15.82 
chsine. 

It is true that this chain is rapid)j going out of usf. vet one 
sbonld l>e thoronghly acquainted with it, because nianj of the land 
rec-ords m this country are based ujton it. lu computing aivus, 
the chain bae the advantage that square chains arv easily reiluced 
to acres by simply moving the decnual jMilut one place tu the 




Fig. 2. 
left; for example, a chain is 'Jli feet; the square would be 00x66= 
435fl «iuare feet, which is -j\- of au acre. A rectangular lot hav- 
ing two sides of 0.32 and 2,15 chains respectively = 13.5S80 
fujuan* chains or 1.358b acres. 

OUNTERS OR LAND MEASURE. 

l.'.ii inches 1 link 

100 links or Oli feet or 4 rods 1 chain 

10 square chains or 4 hmhIs 1 acre =: 43500 square feet 

040 acres 1 square mile 

A two-rod or half chain is sometimes used instead of the full 
(inn ten's chain. Itsonlyadvantjigeis in the conveniencu of band- 
ling a shorter chain when working over uneven ground. Formerly 
tlio engini-cr's chain was almost universally employed in making 
surveys for siirfiice canals, sewers, water-works systems, etc. It 
differs from the (innter's chain in that is 100 feet in length andcou- 
taiiis 100 links, eaidi of which is, therefore, 1 foot long, 

Tliu unit of linear moaanre iu the United States is the foot. 
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In measuring lines, a chain 100 feet long, divided into 100 links, 
is now in use. Distances are recorded in feet; decimals of a foot 
being used when possible. In cities where accurate and precise 
measurements are necessary, various kinds of tapes are used having 
the foot divided decimally. 

It has been decided both by custom and law that the length of 
the boundary lines of a field is not the actual distance on the surface 
of the ground, but is the projection of that distance on a horizontal 
plane. Tlie area of a field is not the exposed superficial surface, 
but as above stated, the projection of that surface on a horizontal 
plane. For this reftson,, in all land sut'veyiny^ horizontal dis- 
tances are to be measured and from these the areas computed. 

The Gunter's chain, as well as the engineer's chain, is a very 
inaccurate device for measuring distances and areas unless special 
precautions are taken to counteract the errors to which it is liable. 
Some of these errors are cumulative and some compensating, and in 
what follows no attempt will be made to classify them. Some of 
the causes of errors will be pointed out and the surveyor should 
do all in his power to eliminate them. 

The chain will sag between supports and thus the distance 
measured will be too short. This is sometimes allowed for by 
making the chain a given amount longer than the standard. Again, 
the chain may be standard under a certain pull and temperature, 
and for very precise work a spring balance is attached to one end 
of the chain to register the pull. A thermometer also is provided 
but is of little value from the fact that the temperature of the 
chain may vary considerably from that of the atmosphere. Still 
further, the length of the chain is likely to be increased from the 
wear of the links and connections. Each link with its connec- 
tion has six wearing surfaces so that if each surface is worn away 
but -j-J g^ inch the chain will elongate () inches. The rings and 
loops at the end of the links are frequently stretched out of the 
true form, thus elongating the chain; or the links may become 
bent, thus shortening the chain. In pulling the chain over the 
ground the links and rings have a tendency to collect we^ds, mud, 
etc., and thus shorten the chain. In cold weather, ice and snow 
may collect in the joints with the same result. In using the chain, 
the links and rings kink and twist, and a sudden jerk may break 
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the chain. For these reasons the chain is not at present used as 
much as formerly. 

The Tape. Ta{)es are made of various materials and are known 
as linen, metallic and steel. 

Linen tapes, from the nature of the material, are likely to twist 
and tangle and when wet are easily stretched; for these reasons 
they do not long retain their standard length. They are used only 
in the roughest kind of work. Metallic tapes have a linen Ixxiy 
with threads of copper or brass running throughout their length. 
These metallic threads prevent twisting and tangling and in a gen- 
eral way assist in preserving the standard length of the ta|)e. They 
are better than linen ta|)es but not suitable for ''good" work. 

Steel ta|)es are of two kinds, ''ribbon" and ''band." Ribbon 
ta|)es are made of thin steel about g'inch wide. They are usually 
made in lengths of 50 or 100 feet. They are divided into feet, 
tenths and hundredths of a foot, the divisions l)eing etched upon 
the tape. The other side of the ta|)e is sometimes divided into rods 
and links to adapt it to land surveying, and it is either wound up 
into a leather case or upon a reel. 

Ribbon t«|)es are generally used when considerable accunicy 
in measurements is required, such as laying out foundations for 
buildings, bridge piers, measuring up sewer lines, etc. From the 
nature of their construction, they will not stand much wear and 
tear, and are therefore not adapted to the rough usuage of general 
field work. If carried in the case or reel, on jiccount of the sharp 
bend at the center, the tape will soon break off at that point. 
After use in the field, the tape should be carefully wij)ed off and 
oiled if necessary, as the rust will obliterate the graduations and 
make it difficult to read. In using the ribbon ta|)e in the field, 
care must be exercised to jjrevent twisting and kinking or catching 
under sticks or stones, as a slight jerk will break it. 

The band tape is best adapted to general field work and to 
rough usage. It is made of heavy steel about -^^ of an inch wide 
and 100 feet long, divide<l into feet; usually the first and last foot 
are divided into tenths. The one-foot divisions may be marked 
by rivets, although the rivets tend to weaken the ta|K^ They art' 
sometimes marked by solder, which is notched at the ])ro|>er point 
and stamped with the number. They are usually fitted with light, 
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detachable handles for use in the Held, but these are easily displaced 
or often lost in dragging the tajw over stones or tbrough grass. It 
is better to fit the tape with leather handles large enough to easily 
go over the hand. After use. the band ta[)e should be gathered 
up in loops about three feet long and tied in the middle forming a 
figure eight. If it is desirable to wind the tape upon a reel, there 
are at present ii|)on the market, several styles of reels, stiff in con- 
struction and convenient to carry. 

The tape, like the chain, is likely to change 
in length due to changes of temperatures, and 
unless the proper pull is applied to the ends 
it will measure short of the standard. Al- 
together it is more accurate than the chain and 
of late years has largely replaced it for all 
kinds of Held work. Indeed, with proper 
precautious, it has been found possible to 
obtain nearly as accurate results as with the 
most elaborate apparatus designed for meas 
Tiring lines. 

Since the methods of using the cham in 
the field are the same as for using the tape it 
will be sufficient to explain the methods of 
using the latter. The Tape. 

In connection with the tape there should be provided a set of 
eleven marking pins from 15 to 18 inches in length. To each jiin 
should be attached a piece of red tlannel to prevent its being over- 
looked in the grass. There should also Ik! provided two rods 
(called flags), from to 8 feet in length divided into foot lengths 
and painted alternately red and white. Tbese rods are sometimes 
constructed of straight white piue, but J-inch gas pipe fitted with 
a steel shoe is l)etter. It is desirable also, to provide a plumb-bob 
and string, and a hatchet. 

Use of the Tape or Chain. For measuriag a Hue with the 
tape, two uifii are required," a "leader" and -follower," or li<'inj 
and retir tapuiiieu. The first step is to set one of the flags at the 
far end of the line to lie measured, or if the line is too long, only 
as far ahead ns can be distiuctly seen. It is best to mark the 
beginning of a line with a stake driven as closely to the ground as 
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circumstances will permit. The tape is then unrolled or unfolded 
in the direction of the line, the l(X)-foot mark going ahead. The 
leader takes the pins and the forward end of the ta|)e and with a 
flag walks off in the direction of the forward end of the line, 
dragging the tape after him. When nearly one hundred feet away 
the follower cries " down " and the leader faces the follower holding 
the flag vertically to l)e signalled into line by the follower. The 
tape is then stretched and straightened and a pin stuck vertically 
into the ground exactly at the lOO-foot mark. The leader then 
picks up his end of the tape and starts off as l>efore, the [)rocess 
being repeated each time, except that the follower must be particular 
to pick up each pin that is left in the ground by the leader. 

If the line is more than eleven taj)es in length, after the 
leader has stuck his last pin he cries ^^pins" and the follower 
delivers to him the ten pins that he has picked uj). If the line to 
be measured is very long, some method shouM be adopted for 
keeping count of the number of times the pins have been exchanged. 
If the line ends with less than the length of a tajie, the leader jmlls 
out the tape to its full length, not sticking a pin, however, and 
then walks back and notes the distance from the last pin to tlu* end 
of the line. This distance added to the number of ])ins held l)y 
the follower, including the last one stuck, will give the distance 
from the point at which the pins were exchangi^d. For instance, 
if the follower has six pins and the end of the line is 05 feet from 
the last pin, the entire distance from the |)oint of exchange of pins 
is 065 feet. It must be remembered that each exchange of pins 
counts for 10 ta{)e lengths or 1,000 feet. 

Chaining^ on Slopes. One of the most important uses of the 
chain is to measure accurately distances where the surface of the 
land is uneven or of a sloping nature. In measuring up or down 
a slope, one end of the tape is raised until the top is as nearly as 
j)Ossible in a horizontal plane. If the 8loj)e is too steep to permit 
of one end of a full tajK? being raised enough to bring the taj)e 
horizontal, the tape is ''broken," that is to say, only a j)art of the 
tapi' is used at each measurement. To do this the ta|R» should l>e 
stretched to its full length, the leader returning to such a |)oint 
uj)on the ta{)e that the portion Iwtween himself and the follower 
may be properly leveled. A measurement is made with this por- 
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tion, the operation being repeated with the next section of tape and 
80 on until the entire tape has been used. Care should be taken 
not to confuse the pins. The high end of the tape may be trans- 
ferred in any one of several ways, depending upon the degree of 
accuracy required. For great accuracy, a plumb-bob should be 
used but it should not be dropped and the pin placed in the hole 
made. It should be placed about where the bob will drop and the 
grass should be tramped down and the ground smoothed. The 
bob should then be lowered carefully until it almost touches the 
ground and allowed to come to rest. Then lower it until it reaches 
the ground when the pin should be stuck in the ground slantwise 
across the line exactly at the point of the lx)b. If less accuracy is 
permissible, it may be sufficient to drop the pin, ring end down 
and note where it strikes the ground, or a pebble may be dropped 
in the same way. In measuring uphill, the follower must hold the 
bob directly over the pin in the ground while he aligns the 
leader and sees that he sticks the pin while the bob is directly 
over the point in the ground. It is much easier to measure down 
than up hill so that when close measurements are required on 
slopes, the measurement should, if possible, l>e made down hill. 
Even under the most favorable conditions measuring lines with a 
tape is a most difficult operation for experts, and beginners cannot 
expect to attain efficiency except by constant practice and careful 
attention to every detail that will tend to eliminate error. For the 
method of chaining up and down hill, see Fig. 3. 

Let it be required to find the distance A M, at which points 
two hubs have been established. Ix^t A B C D E F, etc., be the 
points of the successive chaining and </ /><w/, etc., the horizontal 
planes. Starting from the point A; 8up])08e the surface between 
A and B to be of no great difference in elevation, therefore, the full 
length of the chain can be used between these two points. The 
head chainman goes to the point B, and holds the head end of the 
chain on the ground, while the rear chainman holds the zero end 
at A and with aid of the plumb-bob *^'pluml)8 down," thus chain- 
ing the distance horizontal. This distance measured, the head 
chainman establishes a peg in the ground and calls out the dis- 
tance 'K)ne hundred" or station one, then goes to (/, wliich must 
be approximately low enough to allow the rear chainman to con- 
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veniently plumb down to B. In this case the slo|>e of the hill is 
greater than that between A and B, thus the iiupracticability of 
using the full length of the chain is ap|)arent. This distance, 
therefore, is taken at a fractional jjart of the chain, as Ix^fore stated, 
called '^breaking the chain." The distances at such breaks should 
always be taken at an even number of feet whenever jx)ssible and 
at distances that are easily rememl)ered, as 10, 20, 25, 50 fei^t, etc. 
The leader in every instance calls out the distance of such ^'breaks" 
and the rear chainman goes to the next peg and holds off the num- 
ber of feet previously called out. Now as the distance A B is 100 
feet and the distance B C 40 feet, the head chainman at C calls 
out "1 plus 40," meaning 140 feet from A. He next goes to D and 
the rear chainman calls out the distance measured '^l plus 40" and 
holds off 40 feet at ^>, and plumbs down to C\ In this case the 
leader also plumbs down from c to 1). This methoil is continued 




Fig. 3. 

until M is reached, using the system of 1, 2, 3, 4, etc., plus the 
fractional measured distance, instead of using the whole numl>er, 
as 125, 225, etc. The rear chainman should gather the pins after 
a new p)int has been established. As already stated the chaining 
can be checkod by countijig the pins picked up. xVlways allow 
the last pin to remain in the ground ujitil absolutely certain it is 
no longer desired and can be of no further service. It is im- 
|K)rtant that the distances should be checked by bothchainmen as it 
may prevent serious mistakes, and in some cases prevent rechaining 
the entire distance. Distances in places where angles are taken 
are sometimes checked in the office by Trifronometry. 

A few hints in regard to the use of the ta])e may not come 
amiss. 

Always measure to and from the same side of a pin. 

Hold the iMid of the tape as near the ground as possible. 

Before sticking the pin, be sure there are no kinks in the tape 
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and that the tape is not deflected to one side by grass, sticks or 
stones. 

Never straighten the tape with a jerk; raise it clear of the 
ground and straighten and stretch with a steady pull and lower 
steadily into place. 

The tape man should never brace himself against a pin; he 
should assume a position of stable equilibrium, preferably with one 
hand upon the ground. 

In passing over uneven ground, every reasonable effort should 
be made to hold the tape level. Too much time should not be 
spent in attempting to hold the end of the tape exactly over the 
point in the ground when the difference of level of the ends of the 
tape is suflicient to neutralize what w^ould otherwise be considered 
an accurate measurement. 

In passing over rough ground the tape should be carried free 
from the ground, thus saving it unnecessary wear. The length of 
the taj)e is likely to vary from time to time, from changes in tem- 
perature, from constant stretching and from accident in the field. 
For this reason the surveyor should compare frequently the lengths 
of his tapes w ith that of a standard. The length of the standard 
tape may sometimes be conveniently laid off upon the floor of a 
building, or two monuments may be set in the ground, the proper 
distance between them being measured either by a standardized 
tape or by means of wooden rods. Having found the error in the 
length of the tape the necessary corrections can then l)e made. If 
a line lias been measured upon the ground, and it is afterwards 
found that the length of the tape is in error, the true length of 
the line may be found from the following proportion: the true 
length of the tape is to the length of the standard tape, as the true 
length of the line is to the length of the line as measured. 

Suppose a line as measured, is found to be <)25 feet in length 
and it is afterwards found that the tape is too long, by six inches. 

Then we have: 100.5 : 100 :: x : 025 

from which x = true length of line = r)2(S^ feet. 

EXAMPLES FOR PRACTICE. 

1. A line as measured with a certain ta|M.» is 580 feet in 
length. It is afterward found that the tajHi is ^^ of a foot too 
short. Determine the true length of the line. Ans. 578. 2G feet. 
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2. A line is known to be 840 feet in lencrth, but when meas- 
ured with a certain tape is found to be ^42^ feet in length. Deter- 
mine the true length of the tape. 

Ans. 99.7 feet. 

3. A certain field was measured with a Gunter's chain and 

found to contain 625 acres. It was afterwards found that the chain 
was ^ foot too long. Determini* the true area of the field. 

Ans. 029.74 acres. 

If an area has been measured with a certain tape that is after- 
wards found to be in error, the corrected area may be found by the 
following proportion: The s(juare of the true length of the tape is 
to the square of the length of the standard tape as the true area is 
to the measured area. 

Examples will now be given illustrating the use of the chain 

or ta])e, in the field. 

1. 7o errrf a pevpendUular at a jym// poiut in a line 

Let AB Fig. 4 be the given line and C the point in the line at 

which it is desired to erect a per|)en- 
dicular. Since a triantjle formed of 
the sides 3, 4 and 5 (or any multiple of 
these) will contain a right triangle, take 
jmrts of the chain or ta|)e representing 
these distances or multiples and have 

the angle included between the shorter 

sides at (\ Therefore, fasten one end 
^^^•^* of the tape or chain at E, 30 links or 

feet from (' and the 90th link or foot 
at C Then with the 50-foot mark in one hand, walk away from BC 
until both of the segments I)E and UC are taut. Stick a pin or 
stake at D and DC will be the [Xirpendicular recjuired. If the 
perpendicular should be longer than can be laid out with the ta|>e 
or chain, lay out CD as described and align a ^'fiag" from (' to D 

produced. 

2. T(i let fall a per pc ml leal a r tan givr}) linrfrom a f/ivr/i 

point oatshlf the Une, (a) When the point is accessible: 

I^et AB Fig. 5 be a given line and C a point. From C as a 
center, with any convenient length of tape or chain as a radius, 
describe the arc DE, cutting the given line at points D and E. 
Stick pins at D and E and measure the distance. Bisect this dis- 
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tance at F; then CF will be the perjjendieular required. If the 
line AB ie too far from to Ije reached with the chain or tape, it 
will be necessary to range out a line conveniently near to which 
ehall be parallel to AH. To do this erect at any convenient point 
on AB, as at N, Fig. (J, the perpendicular, and prolong it as far as 
necessary, as It. At li, erect R8 perpendicular to RN. Then the 
perpendicular let fall from <.) upon R8 and prolonged to AB will 
be perpendicular to AB. 



FiR. r>. Fig. 6. 

(b) When the point is inaccessible: Let AB, Fig. 7, be the 
given line and (' the inaccessible point from which it is desired to 
drop the perpendicular to the 
line AB. At any convenient 
point F in AB erect the per 
pendicular FD and extend FD 
to E, BO that FEi -FD. Locate 
the point B so that B, D and C 
will be in thesameBtraightline 
Sight from E to C and find the 
point H in which this visual line 
crosses AB, Next find the point 
tiat the intersections of J )II and 
BE prolonged. Sight from (i to 
C and the point M in which this 
visual linecrosses AB will he the 
point required and the distance 
MG will equal MC. MC will be 
the perpendicular to ABat M. 

3. Through a ylven point to mn. a line that slioll he 
paraUel to the ijiven line. Tlio given point and given line being 
acceesible; Let C, Fig. 8, be the given point and AB the given Una 




FiR- 7. 



16 



PLANE SUKVEYING 



From point C let fall ('D perpendicular to AB. At C erect CF 
perpendicular to CD; then EF will be the parallel required. 

4. To prolong a line heijond an ohiftacle. Let AB, Fig. 9, 
be the given line which is intercepted by a tree, house or other ob- 
stacle. It is required to locate the line CD which will be in the 
direction of AB produced. At B erect BE perpendicular to AB 
of sufficient length to clear the obstacle and at E erect EF perpen- 
dicular to EB prolonging EF beyond the obstacle. At F and C 
erect perpendiculars to EF and CF making CF equal in length to 
BE, then CD will Ix^ the line required and the distance from A to 
D will equal AB plus EF plus CD. 




D " E F 

Pig. 8. Pig. 9. 

5. When both ends of a lln^ are acccssihle^ but the line 
cannot he meannnd dlreethj^ on accovnt of olMacles, 

At each end of the line erect jH^^rpendiculars of equal length 
sufficient to clear the obstacles, and measure the length of the line 
between the extremities of these j)er])endiculars. 

0. When both e7uh of a line are accessible^ but neither can 
be seen from the other ^ thus predentin (j divert aliijnnient. 

Such a case occurs when it is desired to run a line across a 
wooded field, the trees and un- 
derbrush preventing the align- A-^:;::^ — ® — (^ / Q ® O @ (» 
ment of the intermediate sta- 
tions. Let AB Fitr. 10 be the 
line whose lent^th is desired. 
From A run a line AJ>' (called 
a random line) in any conven- 
ient direction and continue it till the point B can be seen from B'. 
At B' erect the perpendicular BB' to AB' and nu^asure BB'. Then 
from the ritrlit-anirled trianirle AJ^B' we will have 




Pig. 10. 



AB = 



=>! 



AB' + IJB' 
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The distance from A to any intermediate station as C can be 
found by measuring the length of the perpendicular CO' to AB' 
From similar triangles we have 

AC :CC'::AB : BB' 
CC X AB 



or A0 = 



BB' 



7. To locate points in a line over a hilly both emh of 
vjhieh are visible from points near the summit. 




m r Ot 'm 1 .1 •-• *" 



C" 
Fig. 11. 



O* 



Set a flag at each of the poijits A and B Fig. 11. One man 
then goes to D, as closely in line with A and B as can be esti- 
mated. He then signals a man at C in line with A. C then 
signals D to D' in line with 
B. D' signals C to C in 
line with A and so on alter- ^ 
nately until the points C" and 
D" are reached in line with 
A and B. 

If the points A and B can- 
not be seen from the top of 
the hill, run a random line 
over the hill as described in 
problem 6 and offset to the 
true line. 

8. To locate points in a line across a wide^ deep valley^ 
the extremities of the line heiny visible from each other. 

Fix a point C, Fig. 12, on the edge of the slope in line with 
A and B. Then holding a plumb-line at C and sighting across 




Fig. 12. 
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V/ I' rh»r ^*»riri«-<iiat'* [i^iinta D. II. F and T' can be pat into line. 

1. The Field Work of Measarins Areas. 71<r/ n4 en- 

<,>A/ //,. ///■////////////• /J'*/// AlJf\ /Vy. 7.V. Beginning at anj 
'•/,f. v*r.:» r.r r-orn'-r a-, A. ififA?ure fn.»rn A to B. then from B to C, 
:i:.f\ ti.'.^li y from (' to tht.' j»oirit of bt^nning. Should a Btream 
/- .t, '.if-n,' th*' ti»'M a- rhowii, iiieasurt-mentd ehoald be made from 
Utr '-oTiifSr. to tli#r ji^jintd wlivFe stream crosses the bonndarr lines. 

Should it Iw fiiund imjiossible tomeasnxv the 
ri*l»H of the HM diivctly, owing to zicrzag 
f»rif:»» or otht-r obstacles, offset parallel lines 
H-* in tht; tiffure and measure the length be- 
tw«'»Ti riu'h jiarallel-s. 

The an-a of the figure may be found from 
th»- following rule: From one-half the sum of 
fh*f tliPM' sides, Buhtract each side separately. 
Multiply tofTt'ther the half sum and the three 
PMiJiinder.-j and extract the stpareroot of the 
j,rvJ .'• 'II.; Mil*- i- <rxjilaiiie<l in Art. lUS of Elementary Alge- 

If ti.« N iij'fh.. of till* Hid<-rf are given in chains, the area will 
h' ('. ' fi Ml 'jiiJin* chMiii.-*. If the lengths of the sides are in feet, 
»i.' r- li' .' ilj If in M<|iian* frt-t. 

' '/// /////■/// a t'niir.y<'ttltt] fithl 'ir'tfh the t*ipe or chain, 

,1' ;if'iin.'l till' lii-ld in tin* paine way as before, but in 

'/■. i» .'ill li« ii«-<'»'--ary t(» measure a tie- 

» ' « « fi t.v/>o|,|,o itrcdrni-r^, tliUH dividing 

/ i.-i Miio f*.o tf i;inf.H<-s, till' Hinn of whose 
'..I t'\ ,i- llii? ;iri-}i (if till- entire iimire. 
•i'ltii.' Ii/i<- i lio'A h in I'jt/. 1 Ihy tli(» (lotted Dj 
,r-' IM:. If ii<illiir fif the diaironals I)l> nor 
'. ' ' ir. Ill ro/r. I iiiintly nirasun*d, measure the 
i.'»r* ti' hfi* !,.> for in tjin^'e, and the distances 
i :■ nr.d ^ L. 'riiifi in the trianir|(^ L( 'S tlu^ 
Mir'' -I'l' ■•. un- f'lven, from which to lind the 
incrli- \.i .^. Ihr.inrr this .'nnde, we can caleu- 
l;ifi- fh*- I' fiKth 'if I)|5 an'l therefore the area (»f the two triangles 
e#»Fn|i'»- irij.f tin- firld. 

If it irt not convenient to meaHure the tie-lines inside the field, 
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two adjacent sides as BA and DA can be prolonged to M and N 
forming the tie-line MN. It will usually be found more convenient 
to lay off CS equal to CL, thus forming an isosceles triangle., 

3. To sunjey a five -si ded field with the tape or chain. In 
this case two diagonals as EB and BD, Fig. 15, or two tie-lines as 
en and ?y//^must be lueasured in addition to the lenfjths of the 
sides. AVTiatever the number of sides, a sufficient number of 
diagonals or tie-lines should be measured to divide the area into 
triangles from which the area of the ejitire field may be calculated. 
If N represents the number of sides of a field, there will l)e 
required N-3 diagonals or tie-lines, form- 
intr N-2 triangles. 

To simplify calculations when tie-lines 
are used in place of the long diagonals, 
the following method may be adopted: 

Measure off Kin any fractional por- 
tion of AE, and Kn the same fractional 
portion of AB and measure mn. Then 
run will be to EB as Kin is to AE or as Kn 
is to AB. Suppose for example that Km 
is y^^ of AE and Kn is ^^ of AB. There- y'\^, 15. 

fore EB is 10 times the length of mn. 

EXAMPLES FOR PRACTICE. 

1. Given the three sides of a field as 5.25, G.50 and 4.60 
chains. Find the area of the field in acres, and square rods. 

Ans. 1 acre, 31.52 square rods. 

2. Given CB=3.()5 chains, CD=2.85 chains, Cv=CV=0.50 
chains and <.y=0.G5 chains.* Calculate the area of the triangle 
lie I). Ans. 5.14 8(|uare chains area. 

Off-sets and Tie-lines. To find the area of a field which is 

bounded in jmrt by a stream, it is necessary to use off-sets, as 

follows: Measure the sides of the field in the usual nianner and for 

the irregular boundary run a straij^ht line, as ED, Fig. 10, and 

calculate the area of the field included between these boundary lines. 

To this area must be added the area included between the line ED 

and the irregular boundary. 

♦Note: In all j)roblem.s involvinpf tb« measuromcntof land, the chain 
referred to \& the Gunter's chain of 66 feet, unless otherwise noted. 
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To find this area, at points alun^ ED, erect perpundiealars to 
the irre^lar lihore line at snob distances that the lines 1' 2', 2' 3' 
etc., may be considered straight, llie desired area will eWdently 
equal the sum of the areas of the trapezoi')'? ib.v.i formed. The 
distance from E to any point 1, 2 or 3 on LO is called the abm-iHsa 
of that |>oiiit and the per|H'ndioular distances from ED to 1' 2' 3' 
He. are called the I'n/iiKitr'i of tin' point. 




Fig. IC. 

Instcud of sumniintr the trajR-zoid as ahove, the tlesired araa 
may be fiMuid by the folhwing rnle: ilultiply the dilferuiico 
iK'twwn eaeh ordinate and tho second Bucceitliii;f oiu- hy the 
abseisrm of the intervening^ ordinate. Multiply a!«) tho sum of the 
last two oniinates hy the last ahsciasa; one-half of the alirehraie 
sum of these several proihiets will he the aivii rei]niri'd. 

To lind the area of an inaceessilile Kwaiup, a lake or other 
area, run a series of straight lines entirely encldwiiig the given 
area, and since the diagonals cannot lie measiiriHl. measure tie-lines 
either inside or outside iif the urea. As already stated, calculate 
the area included betwi-en the straight boundary lines imd from 
this area suhstract the area included between otf-sets let fall from 
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points upon these boundary lines. Reference to Fig. 17 will make 

the method of procedure plain. Surround the inaccessible area 

hy straight lines, AB, BO, CD, etc., and calculate the enclosed 

area. At proper intervalsalong 

these straight lines, erect and 

measure perpendiculars ex. 

tending to theedgeof theinac- 

cessihle area. Compute thearea 

between these perpendiculars 

by the rule on page 20 and for 

the re^juired area, subtract it F ' 

from the area previously found. 

Since the long diagonals are not 

accessible, measure the area by 

measuring the interior tie-lines; 

remembering that the required 

number of tie-lines will l>e less 

by 3 than the number of sides 

enclosing the area. 

Example. Given the dis- 
tances measured along the 
straight line AB(Fig. lfi)with the c- 

to the broken line AC!)E. It is rei|uired to compute the area 
between AB and the bniken line ACDE. 




z^spondi 



Fig. 17. 

off-sets measured 




Difference of Ist nnd Unl urdinattv — I/- .Vi"— -.''/)' o1 
" " 2nd " 4th ■• — 40"- 3i'— + 5' 

" 3rd " 5lh " — r>r/— 18' — \-ai- 

" 1th " eth " — .V/-10' 5" 

" 5th '■ 7th '■ ^18' -60* =-42' 

Sum of last two ordinataa = W+W= lOCT 
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Abscissa of intermediate ordinates between Ist and 3rd= ifYx — «')iy=-2200 

2nd " 4th= 90'X+ 5*= 450 

3rd " 5th=132'x+37'= 4884 

" " " " " 4th " 0th=172'X — 5'=- 800 

*• " " " " 5th " 7th=217'X— 42'=-9114 

" last ordinate = 267' xl00'-=26700 

One-half tlio algebraic sum of the products as given above 

will give the re<juired area. 

32084 — 12174 ,,,.,,, 
Area =^ ^ =^ \k)6{) square 'eet. 

Mr 

EXAHPLE FOR PRACTICE. 

1. Given the distances measured along the straight line AB 
Fig. A with the corresj)onding off-sets measured to the broken line 
AC)DEF3, to find the area l>etween AB and the broken line 
ACDEFB. Check the result by calculating the areas of the 
trapezoids and triangles of the figure. Ans. 11,875 square feet. 




Fig. A. 

Keeping the Field Notes. In keeping field notes, clearness 
and fulljiess should be constantly kept in mind. As field notes 
often pass into the hands of a sc*con<l party, they should admit of 
but ojie interpretation to a pt^rson at all accjuaintcnl with the nature 
of the work. Extra time spent in the field in acquiring data will 
avoid confusion and vexatious delays wheJi the notes are worktnl 
up in the office. Avoid the habit of keeping notes U])on scraps of 
pa|)er or in vest-pocket note books. Provide note b(K)ks especially 
adapted to the keeping of field records and number and index them 
80 that the contents may 1h^ understocnl at a ghmce. l{ememl)er 
that sketches made u[K)n the ground aid materially in interpreting 
field notes that otherwise miirht be unintellimhle. 

There are three principal methods of keeping field notes; first, 
by sketches alone; second, by notes alone; and third by full notes 
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supplemented by sketches. The third method is without doubt 
the l)e8t, but examples of the others will be given. For keeping 
the notes of the chain survey there should be provided what is 
known as a field book, a j)encil (preferably 411), rubber eraser and 
and a short rule for drawing straight lines. 

7^/r^/, ht/ Sketches Ahnn\ Either page of the note book may be 
used for sketching but it will be more convenient to use the right- 
hand page, as it is ruled into squares, thus permitting sketching to 
scale. Always sketch in 
the direction of the sur- 
vey, beginning at the 
bottom of the page and 
making the center line 
of the page correspond 
approximately with the 
North and South lines. 

Second^ hy Notes 
Alone. Use the left- 
hand page of the note 
book beginning at the 
bottom as before. Do 
not crowd the notes, and 
if necessary use two or 
more pages. See Fig. 19. 

Fig. 19 shows the 
method of keeping the 
notes of the s u r ve y 
shown in Fig. 20. 

Thirds hy Notes and Skctehes, It is apparent that in this 
method both the first and second methods an^ embodied in the notes. 

THE VERNIER. 

The vernier is an auxiliary scale for measuring with greater 
precision the spaces into which the principal scale is dividtnl. The 
smallest reading of the vernier, or the least count, is tlie<iifTerence 
in length between one division on the main scale and one on the 
vernier. 

A vernier is said to be direct when the divisions on the 
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vernier are smaller than those on the main scale Fig. 21 A; retro- 
grade, when the divisons on the vernier are greater than those on 
the main scale. See Fifr. 21 B. 

In Fig. 22 let MM 
represent a scale divided 
into tenths; then since 
ten spaces on the vernier 
VV are equal to nine 
sftaces u{)on the scale, it 
is evident that each 8j)ace 
upon V V is short by one- 
tenth of a s[)ace of MM. 
The least count is there- 
fore, ^V ^^ iV «r tJ o- 

The vernier and slow 

motion screw of the ver- 
tical arc of the engi- 
neer's transit are attach- 
ed to the left hand 
standard of the instru- 
ment. 

Fig. 23 represents a 
vernier as applied to an 
engineer's transit. It 
will be noticed that the 
main scale is divided so 




Fig. 20. 



as to read directly to 30 minutes. The vernier is so divided that 
21) spaces upon the main scale equal 30 spaces upon the vernier, 
therefore the least count of the 
1 minute. 



vernier is -^^ of 30 minutes or 




Fig. 21. 



It will be aj)parent, therefore, that the readings are taken 
in the direction of the increasing graduations of the main scale. 
Thus, for example, in Fig. 23, it will be noted that the zero Uj 
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bae passed the 150tb space on the main scale, and is near the 30 
minute (half degree) division h, therefore tlie eoincidiiig lines of 
the vernier and main scale must be between and 30', and we 
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find thcin, by lookin^r ahmfr tlie scale of the vernier, at 17 minutes 
hence, the reading is 15()' ()(l'+ 17'= 1511 17'. 



', \eo » ' i50 



Fig, 24 represents another nietho«l of division of the circle of 



the transit. The vernier is double, and the fifiurcs ( 
are inclined in the same direction as the tigures < 
which the J belong. 



1 tile vernier 
the scale to 




I'-iK. 21. 

It will t>e noticeii that the main scale n-ada diri-ctly to 20 
miuntes and that the vernier is so dividt-d that S'.l simces ujkju the 
scale corresjiond to 4(» sjuices u]K»n the vernier. The least count 
of the vernier is therefore ^\ of 'Zi) minutes or J;| of 1 minute 
efjiials 30 seconds. 

To read the inside scale, it will Ik' noticwl the zero of the 
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vernier is beyond the 138*^ mark and alM)ut half way In^tween the 
first and second 20' divisions. The readinjrso far is then 13tS° 20'. 
Now look along the vernier to the right until a line njKHi the ver- 
nier is found that seems to l>e a prolongation of a line u[)on the 
.scale. This occurs at the division marked 10 U|K)n the vernier 
rfo that the reading is 13S^ 20' + 10' or 188 30'. 

For the outside scale, the zero of the vernier is beyond 
the 221® mark and about half way between the tirst and second 
20' divisions. The reading so far is therefore 221" 20'. Now 
look along the vernier to the left as before, and the divisions coin- 
cide at the division marked 10 upon the vernier, so that the read- 
ing of the outside scale is 221 20' + 10' or 221 30'. The sum 
of the readings of the two scales equals 3^)0' as it should. 

EXAMPLES FOR PRACTICE. 

1. Determine the least count of the vernier in Fig. A, 39 
spaces ujK)n the scale, being equal to 40 spaces upon the vernier. 

2. Determine the least count of the vernier in Fig. B, 50 
spaces upon the scale l>eing equal to GO sj)ace3 upon the vernier. 
The figure represents what is called ^fohlluij cornier. To read it 
follow along the vernier in the usual way until the division marked 
10 is reached. If there are no corresponding lines, then go back 
to the other end of the vernier beginning with the other 10 mark 
and follow it back toward the center of the vernier. 

3. Determine the least count of the vernier of Fig. 0, which 
rej)re8ents the usual method of dividing the vertical circle of the 
transit. 

The Level Bubble is one of the most important attachments of 
an engineering instrument, and an instrument otherwise good may 
be rendered useless by imperfect level tul>es. 

The spirit level is a glass tube nearly tilled with a mixture of 
ether and alcohol, the remaining sjjace being occujjied with the 
vapor of ether. Alcohol alone has not j)roved satisfactory as it is 
too sluirirish in its movements, thereby renderint; an instrument 
lackincj in st^nsitivent^ss. If the tube wtMV iHM-fectlv cvlindrical, 
the bubble would occupy the entire length of the tube, when hor- 
izontal, or when slightly inclined to the horizon, thus rendering it 
impossible to tell when the tube is in a truly horizontal position. 
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The tube is, therefore, ground on the inside so that a longitudinal 
section is a segment of a circle. If the tube is not ground to an 
an even curvature the bubble will not travel the same distance for 
every minute of arc to the extreme ends of the tube, and an other- 
wise j)erfect instrument will not work well. 





Fig. B. 




Fig. C. 

A line tangent to the circular arc at its highest point, as indi- 
cated by themiddleof the bubble, or a line parallel to this tangent, 
is called the axis of the bubble tube. This axis will 1m^ horizontal 
when the bubble is in the center of the tube. Should the axis 1h» 
slightly inclined to the horizontal, the bubble will move toward 
the higher end of the tub(% and the movement of the bubbh^ should 
be proportional to the angle made by the axis with the horizontal. 
Therefore if the tube is graduated, being a portion of the circum- 
ference of a circle, with a radius so large that the arc of a f(*w sec- 
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onds is of an apprec*iabk* lenrrth, it will be jwssible to determine 
the ancjle that the axis may make at any time with the horizontaU 
proyided the anirnhir yaliie of one of the divisions of the tul)e is 
known. This is done by notinir by how many diyisions the center 
of the bnbi)le has moytnl from the center of the tulH». 

Since divisions of uniform length will cover arcs of less angu- 
lar value as the radius of the tube increases, and since a bubble 
with a given bubble sjmce will bi*come more elongated as the radius 
is increased, the sensitiveness of the bubble is ])ro]M)rtional to the 
radius of curvature of the tulK' and the lentjth of the bubble. The 
lenirth of tlie bubble, however, will chanw with chanires in tem- 
j)erature, In^coming longer in cold weather and shorter in warm 
weather. This is due to the fact that theli(piid in the tubeexpaixls 
and contracts more rajiidly than the glass. If the i>ui»ble contracts 
excessively, the seiisitivent^ss is thereby impaireti. and it should 
be ])i>ssil)le to regulate the amount of li<piid in the tube. This is 
done by means of a partition at one end, having a small hole in it 
at the bottom. A bubble should come to rest (piickly, but should 
resjxmd easily and cpiickly to the slightest change of inclination 
of the tube. 

To determine the radius of curvature of the tul)e, ])rcK'etM.l as 
follows: Let S - length of the arc over which tlu» bubble moves 
for an inclination of 1 second. Let K its radius of curvature. 

Then S: 27rll:: 1" : 300°. 

K 

From which K- 20r,:>r)r) .. S Or -: S = ,,,.,,—. 

Smay be found by trial, the level being attached to a finely divided 
circle. Or, brin<;the bubble to the center and siirjit to a divided 
rod; raise or lower one end of the level and acrain siirht unon the 
rod. Call tiie difference of the readings //, the <Ustance of the nnl 
//, and tlu^ s|)ace which the bubble movt^l S. Then from approx- 
imately similar triangles 
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EXAMPLE FOR PRACTICE. 

1. At ion feet distant, the (lifference of readings was 0.02 
foot, and the bubble moved 0.01 f(x>t. AVhat is the radius of the 
bubble tube i Ans. 50 feet. 
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Locke's Hand Level. Tins instrument consists of a brass tube 
six inches long with a small level mounted on its top at one side 
of the center near the object end. See Fig. 25. Underneath the 
level is an aperture across which is stretched a horizontal wire 
attached to a frame. This frame is made adjustable by a screw 
and a spring working against each other, or by two opposing 
screws ])laced at the ends of the level mounting. In tlie tube, 
directly below the level, and at 45' to the line of sight, is placed 
a totally reflecting prism acting as a mirror. The images of the 
bubble and wire are thus reflectcni to the eye. The prism divides 




FiR. 25. 

the section of the tube into two halves, in one of which is seen 
the bubble and wire focussed sharply by a convex lens j)laced in 
the draw tube at the eye end of the instrument, while the other 
permits of an open view. Putting the instrument to the eye and 
raising and lowering the object end until the bubble is bisected by 
the horizontal wire, natural objects in the field of view can be seen 
through the open half at the same time, and ap])roximate levels 
can then be taken. To prevent dust and dampness from entering 
the main tube, both the object and the eye ends are closed with 
plain glass. 

There are two adjustments necessary in this instrument: First, 
the bubble tube: it should be so adjusted that the bubble will be in 
the center of the tube when the instrument is horizontal. Second, 
the horizontal wire; it should bisect the bubble when the latter is 
in the center of the tube. The methods of executing these adjust- 
ments are so apparent it will be unnecessary to dwell upon them 
here. 

The instrument is intended to be carried in the jjocket and is 
of esjHJcial value u{)on reconnaissance surveys, and for sketching in 
topography ujyon ])reliminary surveys. 

For toj)Ographical j)urp()ses, the topographer should ])rovi(le 
a rod about eight feet long, divided into foot lengths, the divisions 
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painted alternately red and white. r]K)n this rod, the tojwgrapher 
should mark by a notch or other means, the heitrht of his eye above 
the ground. Standi ncr then uj)on a station of the lint* of survey, 
the to]K)grapher diri»ets his assistant to carry the rod out upon 
either side of the line and in a dir(.K.*tion at rijjfht antrjes thereto, 
until a ]M)int having the j>ro]M.»r elevation above or Inflow the center 
line is found as determiiuKl by the to]M)grapher holding the instru- 
ment in a horizontal ])osition at the eye. Tlie topographer then 
paces the distance, while the assistant carries the roil to the next 
point. It is evident that if the line of sight from the instrument 
coincides with the mark uj)on the ro<l, the two ] joints upon the 
ground are at the same level. If the line of sight strikes the rod. 
say one foot l)elow the mark upon the nnl, it is evident that the 
ground where the rod is held is one f(K)t higher than where the 
instrument is held. These oj)erations can be re|K*ated indefinitely 
and made to extend as far as necessary uj)on either side of the line. 
The points of proper and equal elevation are then connected form- 
ing contour lines, but the to])Ographer should fill in details by the 
eye. The methods of keeping the tiehl notes will Ix? illustrated 
and described later. 

l^t IK'XDEFG and II, Fig. 2<), represent the successive rod 
readings on the right of the center line A, and B' (" D' K' F'(i' the 
readings on the left. Now suppose* the leveler stands with a L(K*ke- 
level at zero and the rod is held vertically at I>. The line of sight 
ah bisects the nxl at NJI feet. The distance from the ground to the 
observers eye is 5.5 feet. Thus it is apparent the ele\ation at B 
will be 8.1 feet lower than at A. The observer now paces tlie dis- 
tance between A and B, and finds it to be 50 feet. The reading is 
now taken at C on the line of siirht <•// which reads <).2 feet, hence 
the deviation of C is .7 foot lower than 1>, and the distance be- 
tween 20 feet. Sup|)Osean attempt is made to take a reading near 
D. Since the horizontal plane from thi^ observer's eye to the 
ground does not strike tlie rod, it is apparent that the rod is too 
farawav, then^fore it should be moved back to a ]K)int X where the 
horizontal plane tf will bisect the rod at some division. The ele- 
vation <;f X having been ascertained, pace the distance CX, as in 
the former cases. This method is continued until II is reached, 
taking the rod readings at // //, Ij^ k /, m //, and i< y and pacing 
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the distauce between each. The Banie 
method 13 used on the left-hand side of 
the center line. However, where the 
surface of the frround has an abru])t 
change between stations, it is customary 
to take cross sections at such chanws and 
ascertain the distances between the sta- 
tions by jiacing; the center line at sucli 
])oints is accepted as zero ; in tlie same 
manner perform the oj)eration as if at 
a station. AVhere a cross road inter- 
sects the center line or any portion of the 
cross section, take readings at places that 
show an abruj)t change, as the top of a 
bank, side of the road, or gutter, center 
of the road and on the other side in the 
same way and place as before. Tliis rule 
holds good in places where small streams 
are situated. It is not necessary to iind 
the depth of the water, because the ])ur- 
pose of the cross section deals solely with 
the surface. Where obstacles prevent the 
section- being run at right angles to the 
center line, use the method of off- sets and 
secure the desired elevation as closely ap- 
proximate as circumstances will permit. 

The Abney Hand- Level and Clino- 
meter. This instrument is similar to the 
Ix)cke hand-level, see Fig. 27, but the 
small spirit level mounted on top can be 
moved in the vertical plane and is clamped 
to a dial graduated u{M)n one side into 
single degrees and upon the other into 
slope ratios, so that it is possible to meas- 
ure angles of slo])e. 

The adjustments of the instrument are 
the same as for the Locke hand -level. 

Tho instrument can boused in the iield 
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in tbe same manner as the Locke hand-level, but is of mom universal 
application. It is of esjiecial valneujtun steep elopes when theeili- 
clency of the Loeke level would Iw liiiiitetl by the length of rod. 
In utiiui; the Abney instrument it is only necessary to mark the 
heifxht of the eyea u|>on the rod, lu sifjhling upon the rod, with 
the horizontal line coinciding wilh the murk upon the rod, move the 
vertical circle until the bubble U in the center of the tube, Itead 
the vertical angle, and the tangent of Ibis angle multiplied by the 
horizonlul diotance to the rod will give the difference of elevation. 
If the distance to the rod is measured along the alojM of the 




Fig. 27, 

ground, multiply this distance by the sine of the verticjil angle to 
get the difference of elevation. 

The most satisfactory method of using this instrument is in 
connection with a straight edge from H to 10 feet in lerjgth. The 
straight edge is laid upon the ground jwrallcl to the direction of 
slope and the clinometer la then B|iplied to it, the vertical circle 
iK'ilig turned till the bubble is in the center. The angle of slope 
is then i-ead.or better still, the slojie raliu is read from the verticid 
circle. This oj)eration is repealed at every change of slojje, the 
distances being either jmced or measured with a tajie. For in- 
stance, supjiose the slope is found to bo 60 feel in length and the 
Blo]ie ratio as given by the clinometer is ^\. It ifl evident theo 
that at the end of the slope the difference in elevation will be 6 
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feet. The instrument is sometimeB fitted 
with a small compass and a socket for Qse 
□pon a tripod or Jacob staff. 

The Leveling Rod is an iinportaot part of 
the leveling outfit; it is used in measuring 
. the vertical distance betwet-n the horizontal 
plane through the line of sight and the point 
upon which the rod is held. Thi^re are three 
forine in common use known as the New 
York, Philadelphia and Boston. They are 
made of hard wood 0^ feet long, sliding out 
to 13 feet and provided with target, Tornier 
and clampe. 

r^'veling rods are of two kinds, the target 
and the self-reading. Of the target rods, 
the New Y^ork and Boston are generally used 
for precise work. Of the self-reading rods, 
the Philadelphia shown in Fig. 28 is in more 
common use. The self-reading rods are used 
only in connection with that class of work 
where approxiinateaccuracy only is required; 
this form is generally read to hundredths of a 
foot and can be read directly from the instra- 
ment by the observer without the aid of the tar- 
get, as is suggested by the name. However, 
with the aid of the target this rod can be read 
to thousandths of a foot appro.xinmtely. The 
target is used when greater accuracy is re- 
quired a[id when the rod is so far from the 
instrument that it cannot be distinctly read. 
The rod consists of a graduated scale di- 
vided into feet, tenths and hundredths of a 
foot, and when properly made, readings to 
thousandths uf u foot can I)e easily taken. 
The numbers making the tenths should be 
0.0(1 foot long and bo jilaciHl tliiit one-half the 
length is above and one-half below the line. The «unil)ers marking 
the feet are 0.10 foot long and each is bisected by the foot mark. 
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This class of rod is painted white, the foot graduations arc red and 
the tenths and hundredths are black horizontal lines. 

No attempt will be made to describe the reading of the vernier 
of either the New York or Boston rod, 
but the Philadelphia rod is so divided as 
to make its reading easily understood. 
AVith this rod each side of the black 
horizontal line indicates lOOths, that is, 
the lower side of the lirst black space 
is called "one,** and the upper side of 
the same space is called "two,*' the 
lower aide of the third space is called 
"three" and so on until the tenth is 
read. 

The reading is taken without the aid 
of the target, in feet, tenths and hun- 
dredths as the case may be. The mov- 
able target has a vernier which reads 
to thousandths of a foot and is read 
from zero to ten. To read this rod, 
move the target to any convenient place 
on the scale of the rod and note where 
the vernier at zero coincides with a black 

horizontal line ; then note where a line . . 

of the vernier coincides with a line of | [WHITE 

the scale. For example, if the zero of 
the vernier is just above one foot, four- 
tenths and five hundredths, as shown 
in Fig. 2U, and a line of the graduation Fi^. 29. 

of the vernier coincides at 7 with a hori- 
zontal black line on the rod, the reading will be 1.457 as is shown 
in Fig. 29. If reading to the nearest 100th, the reading will be 
1.4(). This is because the 7 naturally brings the zero .002 above 
the line of graduation on the rod, therefore, the zero of the vernier 
is .002 nearer the <) than the 5, hence, the reading is as above. 
Should the vernier read .002 instead of .007 the reading would be 
1.45. It is apparent that .002 now brings the zero of the vernier 
below the line, hence it will be nearer to the 5 than the 6, thus the 
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rod reading is 1,45. Therefore, in all readings with the Phila- 
delphia nxi, read the thousandtlia to the nearest half hundredth. 
This ia true whether or not the lines coincide. 

These readings apply only to the (ace of the rod or to 6J feet. 
When the rod is extended to 12 feet, or any fractional part thereof, 
the reading is a little different, both 83 to its graduation and 
vernier. The scale, of course, is the same on the face of the rod 
when extended, except as to the vernier, whieh js placed ou the 
back at G^ feet and the scale 
of graduation on the ex. 
tended part of the rod is also 
on the hack of the extension 
which runs through the ver. 
nier, as shown in Fig. 30. 
The scale of hundredths is the 
only part to be particularly a 
observed, together with the 
vernier in the former. 

For example, the first 
horizontal black space e(|ual3 
"one," which is the top line 
of the foot mark. The lower 
Bide of the first black sjutce is 
"two," and the upper side of 




Fig, 30. 



Fig. 31. 



the same space is "three" hundredths, and so on until the tenth 
is reached. The tenth and feet are placed the same as on the face 
of the rod. The vernier, as already stated, is a little different in 
[wint of reading and is graduated from ten to zero, instead of zero 
to ten, as on the movable target. However, with some recently- 
made rods of this type, the scale and vernier reading ia the same 
throughout. See Fig. 31. The graduation at ten is taken as the 
zero in determining thousandths. The vernier in question is firmly 
attached to the upper end of the rod 0^ feet, (and the extension of 
the rod runs through this vernier). The differences in graduation 
of the two sides should t>o carefully noted. The rod has two 
clamp screws, one attached to the movable target and the other 
near the vernier on the back of the rod. In running the rod, it 
ia customary, where a target or rod reading exceeding 0^ feet ia 
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defiired, to set the targut at fi J fwt and ran the rod to its fnll length, 
then move down as signalled; where m> target rt-adinif is required, 
ran the rod to itd full extf nt ^12 feet) and as the face of the rod has 
a scale throughout, the reading ean be taken from the instrument. 

Should the instrument not be near 
enough to enable the leveler to sew 
the rod distinctly without the aid of 
the target, he should first read the 
rod through tlie tolescoj)e of the in- 
struinent and then notify the tikI- 
man at what distance tho intersect iun 
of the croBS-bairs in the instrument 
approximately bisects the rod, sui-h 
as 3.21, which itieaus three feet, two 
tenths and one hundredth. The rod- 
man then sets his rod to read this 
distance and another Bight is taken, 
being careful to have the rod plutub. 
Should the intersection of the target 
tail to coincide with the cross-haire 
in the instrument, the leveler then 
signals, or calls out if sufficiently near 
to do BO, the true rod reading, as up '' '*^' '^^ 

a tenth, down two hundredths, aa tho 

case may he, and the target is placed at this diBtanw. When pre- 
cision is required, this method is relied upon only for the approx- 
imate placing of the target; the method used in thia case is to 
slowly move the target by standing behind the rod and holding 
it between the thumb and fingers of one hand, while the target ia 
moved with tlie other. Then the target ia slowly moved by the 
signals of the observer. 

^VTien a alow motion with tlie baud above the shoulder or 
below the hip is made by tho obaerver, it means that the rod 
is to bo moved in that direction a fractional part, aa one ttmth. 
but when a quick motion is made and the hand drawn back in 
the same manner it implies that the target is to be moved just a 
trifle. In this way and by proj)er attention to the signals of the 
observer, the rodmaa cau become an efficient and helpful assistant^ 
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thereby saving niuch lime, "ft Len tiie target ia finally set, tLe 
rodmau reads tlie red and calls ont tLe reading to the obeerrer, 
when within reasonable distance. Tlie target rods are read en- 
tirely by the rodman, and the readings are kept by him in a note 
book for that purpose; these notes should be given to the observer 




Fig. 33. 
at every opportunity ftiid resnits checked. To obtain correct re- 
Bulta when leveling, it ia (il)sohitely essential that the rod be ver- 
tical and the rodman should reraeml)er to hold the rod in this 
position. 
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The observer or leveler, by means of the vertical wire upon 
the target of an ordinary leveling rod, can tell whether or not a 
rod is vertical and in a position at right angles to the line of sight, 
but he is not able to determine whether the top of the rod is in- 
clined towards the instrument or in theopj)Osite direction; because 
when looking through the telescope of a level he can see only a 
fractional part of the rod. Therefore the necessity of overcoming 
this difficulty led to the invention of the l)ent target which obviates 
this latter trouble as can readily be seen from ¥icr, 32. The 
American target fulfills the same requirements, but differs from the 
ordinary target in having two discs, one behind the other, as in 
Fig. 38. The princij)le of construction of this target is ex- 
tremely simple, and may be best explained in the figures above 
Suppose a target of the old kind, which in its front view looks 
exactly like the front view of the new target in A, to be cut 
along the vertical lines rfff^ W, thus dividing it into three parts; 
that is, one center-piece and two wings. Suppose furthermore, 
the centerpiece to remain in its former place at the front of the 
rod, while the two wings are removed to the rear of the rod. Then 
the result evidently will be that the horizontal line <v*, (hf^ will 
appear as one unbroken line to the observer, only when the rod is 
held perfectly vertical. Any deviation either towards the instru- 
ment, or away from it will cause the two parts re and dd of the 
horizontal line situated at the rear of the rod in the win^fs of the 
target to show either above or below that })art rd of the horizontal 
line which is situated in the froiit of the rod in the centerpiece of 
the target. 

Whether using the bent target, the ordinary target or no 
target at all, it is apparent that the rodman should hold the rod in 
a vertical position, known as ])lumb. This can be done by stand- 
ing directly l)eliind the rod with both feet together or apart, as the 
rays of the sun may recpiire, governing shadows, and holding the 
rod l)etween the thumb and finger of one hand while moving the 
target with the other. After the tartret is set, l)oth hands are 
l)routrht in line with the shoulders, and standincj erect, the hand 
should touch the rod very lightly, so that it will almost stand in a 
vertical position by itself; or when standing in that position if the 
center of the rod or the corner is made to coincide perpendicularly 
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with the nose and chin, it will be plumb. The rodinaii should 
never put his hands around the rod. 

Another way is to sight along the line of some building 
apparently in line. There are, of course, many different methods 
of signalling, but the ones mentioned are frequently used. 

When the rod is to be read without the aid of a target or with 
the ordinary target, it frequently happens that the rod is not ver- 
tical and the signal used for bringing it in its proper vertical 
plane is the raising of either the right or left hand in a vertical 
position, which indicates that the rod shoijild be inclined in that 
direction. In so doing move the rod slowly until the hand is low- 
ered. After the target has been set in its proper position, clamp it 
by the screw on its side, then give another sight and note the sig- 
nals of the observer. 

If the target is to be moved, the observer should hold the palm 
of one hand in the direction the target is to be moved. The observer 
should use but one hand in signalling the rod; if the target is to 
be lowered, he should hold his hand below his hip, palm down. 
To raise the tarcret he should hold his hands above his shoulder, 
j)alm up. Any considerable change in the position of the target 
is denoted by a more or less violent motion of the hand. If a very 
slight change is desired, the observer should hold his hand in the 
proper position without moving it up or down. When the proper 
jX)sition of the target has been obtained, the observer indicates the 
fact by raising both arms above the head and moving them in the 
arc of a circle to indicate that the rod reading at that particular 
place is complete. 

New York Rod. This rod resembles the Philadelj)hia rod as 
to its use and dimensions, but differs as to scale and vernier read- 
ing. The scale is divided into feet, tenths and hundredths, the 
same as the Philadelphia rod, except the graduations of the hun- 
dredths, which instead of having the sides of one black space each 
equivalent to 0.01 foot, as on the Philadelphia rod, the hundredths 
are distinct by themselves, therefore, each line between the tenth 

is .01 ])art of the scale. Fig. 34 shows the rod at its full length, 
and Fig. 33 shows a sectional part thereof with its movable target 
set at i)l feet and the bliack horizontal lines each indicate .01 as 
juore fully explained hereafter. Fig. 3f) shows the side with its 
graduations, as on the face of the rod and is set at C^ feet. 
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Tlio rod l*as a inova])lo target which carries a vernier, and 
allows recidings to thousandths. It cannot, liowever, l)e read with- 
out the aid of the target and is used for tlie most part, 
where precision is requireil; it probably commends its- 
self to a greater number of engineers, because of its 
stiffness and wearing qualities. For elevations up to 
OJ feet, the tamet is used in the same manner as the 
former rod by sliding it up or down ujxni the rod. 
Above <)1 ft»et, as with all the hmIs, the target is clamptxi 







zz WHITE 




at the r>A. foot division. The back of the rod slides upon the front 
half and when so extended the vernier is on each of the narrow 
sides, impressed in the W(K)d (See Fig. iii)). It should bo noted 
that while the vernier on the Philadelphia rod is situated ou the 
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back when extended, with the New York rod it is on its narrow 
sides. The vernier in question is somewhat different from the 
one found on the Philadelphia rod, since it is provided with a 
direct vernier, while the other is provided with an indirect vernier. 
The former, as has been explained, is usually placed below the 
center of the target, that is, the zero is placed below the in- 
tersection of the horizontal and vertical lines of the target. 
In almost every case this causes confusion because the rodman 
has been taught, by reason of using a Philadelphia target rod, 
to read the scale at the zero of the vernier to tho fractional 
parts of a foot by looking along the vernier for the coincid- 
ing lines. There need be very little confusion in reading the New 
York rod, if it is remembered that the center of the target is set 
by the leveler and not the zero of the vernier as on the Philadel- 
phia rod. Careful observation of the vernier will show that the 
zero of the vernier is placed at the intersection of the horizontal 
and vertical lines of the target. The method of using the clamps, 
setting the target, etc., is the same as that of the Philadelphia rod. 
The Boston Rod is made of mahogany, is of the same length 
and slides out as the rods just described. It is distinctly a target 
rod and cannot be read without its aid. The scale and vernier, how- 
ever, are on the narrow sides and can be read to thousandths or 
any fractional part of a foot. Tlie target is fixed upon one-half of 
the rod for elevations less than 6J feet. The target end is held upon 
the ground and the front of the rod slides upon the back, as shown 
in Fig. 37. Above 6i feet the rod is inverted as shown in Fig. 
38, and is then used in much the same way as the New York rod. 
The figures above referred to show the sides of the rod with its scale 
upon it. The screws at each end act as clamps. In the old style of 
Boston rod a wooden target was screwed to the rod with the result 
that the target would warp and twist or be knocked off, thus render- 
ing the rod useless. The best tyj)e of Boston rod is fitted with a 
bent metal target. This form is very serviceable and satisfactory. 
It will be apparent from the foregoing description that the rod is 
read altogether by vernier, the scales and vernier being on the 
side. It is the lightest and neatest rod of the three but the least 
used. 

Cross-Section Rod. This is a rod 10 feet in length, painted 
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white, with blat-'k graduations; it is divided into feet, teotha and 
buDdredtbB, (See Fig. 311). The scale is on both sides. At each 
end is a spirit level bubble with gradiiationB on the npper side of 
the tube to bring the rod in a Iiorizontal plane. In the center of 
the rod ia an ojwning for the liand, and thereby it can be easily 
taken from place to place. 
The purpose of this rod is to 
simplify the lengthy calculations 
ill taking cross sections; this 
will be more fully explained 
under its reRpet^tive head. 
In Fig. 3!l A and B are the 
\bubhles. It is apparent that if 
1 end of the rod is placed on 
' the side of a hill and the other 
raised in a vertical position until 
the bubble appears in the center 
of the tube, the base of the rod 
will he in a horizontal plane. 

Ranging Poles. Fig. 40 
shows the three forms of rang- 
ing i)olt'8 (called flags) in cora- 
nioii use, all of which are from 
t) to 10 fe«t in length, made of 
hardwood, octagonal in shape; 
they are tajiered from the top 
down and each foot painted al- 
ternately red and white, and pro- 
I'ij;. ,«, vided with steel shoes, except 

, which consists of an iron tubular rod J-inchcs in 
diameter and used for the most jiart on conatruction work. These 
flags are for thepur[>ose of establishing points or retaining a given 
line indefinitely; it is an itn|H>rtant tool of the surveyor's outflt. 
To nsc this flag, it is placed ap]>roxin lately at some reasonable 
distance from the instrnnient and then by the nigimls of the 
observer is moved until the line of sight through llie instrument 
bisei-ts it. It should lie liehl in a vertical position niid governed 
by the same metliods used in placing a leveling rod in a vertical 
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position. It 18 aho a convenient device for meaenring. approx- 
imately, distancea not exceeding six feet, but where any great 
amount of accuracy is desired, tbe method slioiild not be relied 
upon. It is an advantage, however, to use the flag as a check, 



Fig. 39. 

when it may appear that some discrepancy has occurred. 

INSTRUMENTS. 

The Wye Level. TluTa are three kinds of leireling instrc- 

ments in common use, viz: Tlio Wye level with four leveling 

screws, tbe Wye level with three leveling screws and 

P Q a the Dumpy level. Tlio Wye level derives its iiaiiie 

from tbe vertical forked arms, called Wyes, in which 

tbe telescope rests. It is clamped totbein by collars 

which may be raised allowing tbe telescope to be 

turned on its horizontal axis or lifted out entirely. 

It ia also referred to as the four-screw level. Like 

other levels it is used for the purpose of ascertaining 

a horizontal line of sight parallel to a spirit level 

and perjtendicular to the vertical axis. The line of 

eight is fixed in the telescope by the intersection of 

cross-hairs. A spirit level is attached to the under 

side of tbe telescope arid is protected except on top 

by a metal tube. In the barrel of the telescope elide 

tv.o tubes, in one of which is en eye-piece; in the 

other is tha objective. 

The eye-piei-6 nsually found with the four-screw 

leveling instrument ia of the erecting type. Tbe in- 

I verting eye-piece as distinguished from the erecting 

eye-piece has two lenses instead of four. Tbe result 

I 3 is fhat tho inverting eye-pit-ce permits more light to 

l I reach the eye of tbe observer, and is therefore better 

\ I \ adapted to precise leveling. At first some inconven- 

FHg.4a ience is exjK.'riena.'d by tbe fact that all objects aro 

U|)Bide down, but a little experience will soon con- 

vince the observer that all the advantages whether for a four- 
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■crew inBtmment or a three-screw iiiBtmment, lie with the 
inTertinji eye-piwe. Nearly all makers give h purcliaw-r his choice 
of the Etyle of eje-piecu without extra rhmgi'. In purchasinff an 




Instrument it shonld be notit-ed whether the eye-piece is a<]JD9ted 
by a Btraiglit pull or by a Bpiral inutiuii, because the spim] luotion 
IB Dsnally coneidered more satisfactory. 
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^Vd inexperiemi^ o>)«frTer opua looking through the level 


&i)4l finding oo 


croiia-haira may 6ua[»ect that the croas-haire are 






brokfii. It mnet not Im forgotten that the sye- 








piew must be focused before the cross-hairs will 








come into the range of vision. Having once 








fofne«i the eye-piece tipon the cross-hairs, the 
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adjnBlment will stand for a long time if tlie eye- 








piece 13 nndiatnrhed. 








The object glass is moved in and oat by means 








of a piiiiou which works on a rack stlaclieil to a 
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eliding tube and uioves in the a^'is of the barrel, 






passing lhroiii.'h the run which ia iiK-Iiiied in 
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the barrvl. The instrument is provided with a 
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elani[), slow motion and leveling screws and 
mounted on a trijioil. The two former pcrewa 
are situated directly under the horizontal bar 
and revolve with tlie telescope. 
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The Line of Collimation of a level is tlie line 
joinidg the optical center of the object. glaea 
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and the intersection of the cross-hairs.and since 
this line determines the point towards whicli thy 
telescope ia directed, it sbonld coincide with the 
optical axis of the telescope. The eye-piece 
and object-nIasB must lje accurately centered. 
Instrumental Parallax ia an imfvortant con- 
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dition of f(R'UEing due to the fact that tlie image 
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dfMr-s nut fill! in the plane of the cross-hairs. 
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object and foi-us the eye-piece so that tha cross- 
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hairs iii-e jierfcctly distinct. Theu turn the tele- 
Ecofw ujion the object which is to be observed, 








and focua the object glass until the image is 








clearly defined. Move the cyo from side to side | 
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and m>te whether there is any apjMireiit move- 
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ment of the cross-hairs and image. If any ia 
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seen, tlie two ojierationa are to Iw rejR-ati'd until 
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all jHirallax ia removed. 
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ment depends upon the eye of the obwrver and 
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e person may not be correct for another. 
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Spherical Aberration. This defect is caused by combining 
lenses of different curvatures so that objects on the side of a 
field of view are seen less distinctly than those in the center. To 
test the object glass for this defect cover the outer edge with an 
annular ring of paper and focus upon some desired object. Then 
remove the ring and cover the central spot of the glajss; if no 
change of focus is needed the glass has no spherical aberration. 

To test the eye-piece, sight to a heavy black line drawn on 
white paper and held near the side of the field of view. If it ap- 
|)ears perfectly straight the eye-glass is a good one. 

Chromatic Aberration is a defect caused by combining 
lenses of different and improper varieties of glass so that the yel- 
low or purple colors appear on the edge of the field. To test the 
telescope for this defect focus it upon a bright distant spot and 
slowly move the object glass out and in. If no colors are observ- 
ed around the edge of the field of view the telescope is free from 
this defect. 

Adjustments. The adjustments of the Wye-level are three 
in number and should be made in the following order: 

1. To make the line of collimation parallel to the bottoms 
of the collars. 

2. To make the axis of the bubble tube parallel to the line 
of collimation. 

3. To make the axis of the bubble tube perpendicular to the 
vertical axis of the instrument. 

To make the test for the first adjustment set up the instru- 
ment firmly upon solid ground, shaded from sun and wind. Di- 
rect the telescope towards the side of a building, a fence or other 
convenient object and carefully center the intersection of the 
cross-hairs upon a well-defined point, such as the head of a tack. 
Clamp the vertical axis and loosen the telescope clips. Now 
slowly revolve the telescope in the wyes and note if the intersec- 
tion of the cross-hairs continues to cover the point. If so, the 
line of collimation is in adjustment. 

If the intersection of the cross-hairs moves off the point, re- 
volve the telescope in the wyes as nearly as possible through 180 
degrees and carefully center a point at the intersection of the 
cross-hairs in this last position. Bisect the distance between the 
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two points and estahliBli a third |K)int: by means of the screws at- 
tached to thi^ cross-hair diaphragm, move the diaphragm eo that the 
intersection of the cross-hairs covers the third point. Now re- 
peat the test and correct the position of the cross-hair diaphragm 
until the intersection of the cross-hairs covers one point as the 
telescope is revolved in the wyes. 

The horizontal cross-hair shonld at all points be at the same 
distance from the l)ottoms of the collars. To ti»st this, carefully 
center one extremity of the hair upon a point, and by means of 
the tangent screw, slowly revolve the telescope upon the vertical 
axis, and if the hair covers tlie point from end to end, the adjust- 
ment is complete. If it does not, the hair is to be adjusted by 
the same screws as before. Making this adjustment will probably 
disturb the former one, and the two are to be repeated in succes- 
sion until satisfactory. 

It will he noticed that to make this adjustment, it is not nec- 
essary to level the instrument. 

Adjustment of the Axis of the Bubble-tube. To test this 
adjustment, lirst throw hack the clips holding the telescope in the 
wyes, and then revolve the telesco{)e upon the vertical axis 
to bring it directly over a pair of leveling screws and clamp the 
axis tirmly. By means of these leveling screws bring the bubble 
to the center of the tube as accurately as possible. Now without 
disturbing the instrument, carefully lift the telescope out of the 
wyes and turn it end for end, being careful when replaced in the 
w^yes that the telescoj)e cotnes to its seat at each end. If the bub- 
ble in this new position of the telescope comes to rest at the cen- 
ter of the tube, the axis of the tube is in adjustment. 

If the bubble does not return to the center, bring it one-half 
way back to the center by means of the vertical screws at one end 
of the bubble- tube, and the remainder of the way by the two lev- 
eling screws. Now repeat the test and correction as often as nec- 
essary until the bubble remains in the center of the tube. 

Having adjusted the l)ubl)le-tube over one pair of screws, 
ti^st it over he other pair. 

When tile horizontal hair is truly horizontal, the line of colli- 
mation and the axis of the bubble-tube should be in the same 
vertical plane. To test this, after the previous adjustment has 
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been completed, loosen the clips of the wyes and bring the bnbble 
carefully to the center of the tube. Now slowly revolve the tele- 
scope in the wyes and note if the bubble still remains in the cen- 
ter of the tube. If it does, the line of collimation and the axis of 
the tube are in the same plane. If the bubble runs to one end of 
the tube, bring it back by the horizontal screws attached to one 
end of the tube. 

It must be borne in mind that the first and second adjust- 
ments must be carefully made and that they are absolutely essen- 
tial if satisfactory results are to be attained with the instrument. 

Adjustment of the Vertical Axis. Tliis adjustment is not 
absolutely essential, provided that every time a reading is taken 
the bubble is brought to the center of the tube by means of the 
parallel plate screws. However, the adjustment will expedite 
field work and should always be made. 

To test, level the instrument carefully over both pairs of 
screws; if the bubble remains in the center of the tube as the tele- 
scope is revolved on the vertical axis all the way round, the ad- 
justment is complete. If the bubble runs to one end as the tele- 
scope is thus revolved, the vertical axis is out of adjustment and 
may be corrected as follows. Bring the telescope directly over a 
pair of opposite plate screws, and by means of these screws bring 
the bubble accurately to the center of the tube. Now revolve the 
telescope on the vertical axis as nearly as possible through 180 
degrees and note the displacement of the bubble: bring the bub- 
ble one-half of the way back to the center by the screws, at one 
end of the bubble-bar attached to the wyes, and the remainder of 
tlie distance by the parallel plate screws. Uepeat the test and 
adjustment until the bubble remains in the center of the tube in 
all positions of the telescope. 

Replacing: the Cross-hairs. The fcross-hairs in leveling in- 
struments may be either spider webs or platinum wire. Spider 
webs are better, but in selecting them care should be taken to see 
that they are free from dust and dampness. Probably the web of 
the little black spider is the most satisfactory, but the web of the 
common spider will give good results, especially if freshly 
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spun. Spider wvbs can Ix'st 1h.» carried l)y winding them 
around a stick. 

The cross-hairs are attaclied to the small diaphragm set at 
the principal focus of the ol)ject-glas8. To replace the cross-hairs. 
carefully remove the diaphragm from the telescope tube and lay 
it ujK)n a white surface with the cross-hair side upwards. It will 
be noticed that there are incisions u|K)n the face of the diaphragm 
intended to indicate the position of the cross-hairs. Fasten one 
end of the spider web to the diaphragm by means of beeswax or 
piraffine, carefully susjx^nding the other end of the web over the 
opiHJsite incision u[)on the diaphragm; after the web has been 
|)r()j)erly stretche<l by fastening it to a match, fasten the web 
down as before. Ke|>eat the ojKM*ation with the other cross-hair, 
then replace the diaphragm in the instrument, care being taken 
not to break the hairs. The first adjustment may then be made. 

The Dumpy-level. This instrument (see Fig. 41) differs 
from the Wye- level in the following jx)ints: the uprights which 
carry the telescope are firmlv attached to the bar, and the level- 
tube is mounted on t()|> of the bar. The telescojje is attached 
firmly to the uprights so that the whole structure is rigid. At- 
tached to one of the uprights is a projecting j)iece with which one 
end of the level is connected in such a way as to permit of a 
sliirht horizontal movement. The other end of the level- tube is 
fixed with two capstan-headed nuts to permit of vertical adjust- 
ment. 

A clamp and slow- motion screw should be attached to the 
center. This, while not an absolute necessity, will, when clamped, 
iirevent unnecessary wear on the center when the instrument is 
carried upon the shoulder. The telescope may be either erecting 
or inverting, but the latter is to be preferred. 

The dumpy-level, though not as convenient in its adjust- 
nuMits as the AVye-level, will, nt^vertheless, when properly adjust- 
ed, give e(jnally good results; while on account of its simplicity and 
compactness, it is not so liable to have its adjustments disturbed. 

Adjustments. The adjustments of the dumpy-level are two 
in number and should be made in the followinir order: 

1. To make the axis of the bubble-tube per{)endicular to the 
vertical axis of the instrument. 
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2. To make the line of coUimatioii |)er{)endieular to the 
vertical axis of the instruiueiit. 

To make the first adjustment, set up the instrument firmly 
in a position shaded from sun and wind. Turn the telescope over 
a j)air of opposite plate screws, and by means of these screws 
l>ring the bubble accurately to the cen-ter of the tube. Itepeat the 
operation over the other pair of screws, and so on alternately over 
each pair of screws, until the bubble remains as nearly as possible- 
in the center of the tube for both positions of the telescojH?, care 
being taken not to swing the telescope through more than 90 de- 
grtH.»8. 

Now turn the telescope accurately over a pair of opposite 
j)late screws and after leveling carefully, swing the telescope 
through 180 degrees directly over the same pair of screws. If the 
bubble remains in the center of the tulje, the adjustment is com- 
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plete. If the bubble does not remain in the center of the tube, 
bring it one-half way back to the center by means of the vertical 
capstan -headed screws at one end of the tube, and the remainder 
of the distance by the leveling screws. Now repeat the test and 
adjustment until the bubble remains in the center of the tuln^ 
through all positions of the telescope. 

The second adjustment of the dumpy-level must be made by 
the '-Peg Method". Select a piece of ground as nearly level as 
possible and lay out a straight line upon it, from 400 to 000 feet 
in lencrth, drivincr a stake at each end and at the center. Set up 

Or) 1 

the level over the center stake and after level inij carefullv direct 

the telescope to the rod held u|)on X (see Fig. -48), and take the 

reading by the target. Now direct the telescope to the rod held 

at M and take the readintr. The difference of these two rod read- 
er 

ings at N and M will join the two differences of elevations, no 
matter how much the line of collimation is out of adjustment. 
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Now set up the instrument within al)out twenty feet of the 
stakes, as N, and take the rod readint^; carry tlie rod to M and 
take the reading. If the difference of these last two readings is 
the same as 1)efore, the line of collimation is in adjustment; if not, 
correct nearly the whole error by means of the upper and lower 
capstan -headed screws attached to the diaphrag n carrying the 
cross-hairs. Ilej)eat the test and correction seven . times until the 
difference of elevation from both positions of the i .strument agree. 

It may be well to note right here that the se ond adjustment 
of the AVye-level mav be ma<le bv the •' Peg Method," but it is 
thought that the method given is the more convenfent. 

The Precise Spirit Level. The description of this instrument 
which is shown in Fig. 44 is taken from the catalogue of the 
makers, F. E. Brandis, Sons, & Vo, 

The principle underlying the construction of the instrument 
is that the telescope can be moveil in a vertical {)lane about a hor- 
izontal axis by means of a micrometer screw. This construction is 
especially adapted to the object in view, viz: of multiplying the 
pointings on a mark either in the horizon of the instrument or at 
an angle above or ]»elow. 

The su{)erstructure consists of two uprights joined somewhat 
below their middle }»y a horizontal j)late. The upper portions of 
the uprights are fashioned into Y's, and carry the telescope and the 
striding level; the lower j)()rtions are cut out so as to leave guide 
pieces |>assing outside the K)wer plate. A capstan -headed pivot 
screw passes through each guide pit*ce at one end into small sock- 
ets in the fixed j)late. Passing through the fixed plate, the mi- 
croineter screw moves l)etween the guide pieces at the other end 
and abuts against a small steel surface. The fixed plate carries an 
index, an<l one of the guide pieces a corresponding scale to register 
the whole terms of the rnicroineter, and also a pointer for reading 
the subdivisions of the niicronieter head of which there are 100. 

The Qurley Binocular. The binocular hand level, as the 
word implies, is a hand levul with a double telescope attached. It 
\s similar to the monocular hand level in many respects, except it 
IS provided with screw centering and focusing adjustment and 
can be adjusted to tin* different widths of the eye, avoiding all 
strain to the ocular muscles. 
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Adjustment. ImiIIdw llic [iriinripli's a.s laid tiowri i-. 
the I.Ofk« liaiid levfl. 

The Curley Monocular Hand Level. This iDstmnieiit is a 
t^Iesco[>e hand U-Vfl. i>y which readings are more definitely deter- 
inined mi a nxl iit some distance tliaii is possible with the ordinary 
han.l lfv-,"l. 




Adjustment. Follow ili 
tilt- b«-k., liand level. 

■■Setting up " the Instrument. 
level" means to place it in position to 

do this, pkut the leija tirmly in tht 



]iiiiiciplr3 lis hiiil dmvn relative to 



The term •■Helling np the 
ei'iife horizontal eights. To 
ground at approximately 
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ei)iia) (liBtances a{>art so na tu iiiake tlw leveling plHte horizontal. 
. JJriiig the teIesco[>e directly over anil in line with the two leveling 
screws Ix-tween the ])lates and oppoi^ite each otLer. Aa yon stand 
facing the iiistrnitient turn the thnnil) of the left hand in the di- 
ivctioii of the motion of the buhUlt- and turn Imth thninb screws 
towards or away from eaiOi other. Wing careful not to strain the 
level platcK liy having the levfliiig screws too tight. These screws 
shonld \nmr linnly iijk»ii the jilatea and ehonld move 
with ease ana siTtoothiieas, 1nit them Hlioiild \w no movement 
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of the vertical Hsia of tlie iiistriinieiit. Tnrn the screws 
nntil the liuhlile a])peari4 along the graduations of the baV 
hie tuhe anil bring it to the uiidille, then turn the telescope at 
right angles to these two screws and over ihe other two. In like 
manner |K'rfiirm the s;niie operation an I^'forc. Thia will cause the 
liublile to run away from its former [vosition; bring the bubble ac- 
curately in tile eeiitiT of the tnl>e over these screws, that is, hav- 
ing eipial 8[)aces on eucli side of the zero of the scale, then turn 
the telescope over the former scn^wa and bring the bubble in the 
center. Do this sevenil times until the bubble remains stationary 
at any angle the lelescojte may turn; to test this, turn the telescope 
half way around and see if the bubble moves; should it remain 
Stationary, the instrument is level. The level is, with few excep- 
tions, never placctl in line (except when being adjusted under the 
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peg method). It is usually placed in some convenient spot where 
the greatest number of horizontal sights can be secured. As al- 
ready stated, the tripod legs must be so placed as to make the 
plates horizontal. This will save time in bringing the bubble in 
its proper position. Should it be required to set up the instru- 
ment on the side of a hill, place one leg at an altitude and the other 
two in apparent line with each other (see Figs. 45 and 46), 
but where the tripod is adjustable the proper method is apparent. 

After the instrument is set up and leveled, focus the ej'e- 
piece upon the wires and focus the object-glass on the rod by 
means of the screw placed for that purpose on the top or side of 
the telescope Care should be taken not to take a reading until 
the bubble has been carefully observed and brought in the exact 
center of the bubble tube. When this is completed, sight through 
the telescope and note the rod reading or set the target rod; again 
look at the bubble and see if it has moved away from its former 
position; if not, again sight on the rod and see if the first observa- 
tion was correct. Should the intersection of the cross-hairs fail 
to coincide with the horizontal and vertical lines of the target or 
the center of the rod, the rodman is to incline the rod by the sig- 
nals of the observer, until it coincides or is in line of collimation. 
Care of the Instrument. This duty properly belongs to the 
instrument man or leveler, and the requirements should b^ thor- 
oughly understood. While in the field, the instrument remains 
on the tripod and is carried from place to place as the work re- 
quires, but when taken any distance, such as on railway trains, 
street cars, etc., it should be carefully placed in the box and car- 
ried by one who is capable of giving it proper care and attention. 

The instrument man })eing responsible for the instrument, it 
is natural, and perhaps best, that he should always carry the in- 
strument. In fact, the greatest amount of precaution should be 
exercised in the care of the instrument, both in the field and while 
conveying it. 

Instruments in general, the level in particular, should never 
be unduly exposed to the rays of the sun, as this will have a tend- 
ency to throw its various sensitive parts out of adjustment, there- 
fore, whenever possible, place the instrument, whether it is on the 
trijxxi or not, in the shade. 
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The leveler should always exercise great care not to disturb 
the instrument after it is set up and should avoid, as much as 
possible, walking around it unreasonably, especially if the ground 
is soft, or the position of the instrument not very firm. This ap- 
plies to all persons whether in the active performance of duty or 
not. It is frequently necessary to set up the instrument in places 
such as loose tinil)er, rocks, etc., thus the importance of this care is 
apparent. If disturbed to any great extent it will l)e necessary to 
relevel it, and if the position of the legs of the tripod is disturbed, 
the entire work must be done over, l>ecanse the height of the instru- 
ment will not be the same as in its former position. Should the in- 
strument l)e disturbed after a turning point has l>een established 
and its elevation ascertained, it will only be necessary to take a 
reading on the last turning point to determine the new height of 
the instrument. After leveling, the instrument man should keep 
his hands off the instrument except for the purpose of leveling and 
adjusting the telescope. , lie should not make a practice of leaning 
his weight on the tripod. It is often necessary to send instruments 
great distances, and in so doing, in no case should it be sent by 
express or freight without first Ixjing pro|>erly jmcked and secured 
against breakage; because of its fine construction and sensitive- 
ness it may get out of adjustment to such an extent as to render 
it imj)ossible to readjust it for good work by any method known 
to the engineer, and may become worthless and beyond repair even 
to an instrument maker. 

The student should appreciate that the care of the instrument 
is just as important to good work as its original excA^llence. 

Leveling^. To determine tlie difference in elevation between 
two points, both of which are visible from a single jK)sition of the 
instrument, set up the instrument in such a position that the rod 
held uj)on either point will l)e visible. Now send the rod to one 
of the points as at A in Fig. 48; direct the telescope uj)on it and 
take the rod reading; now direct the telescope to the rod held at 
B and afjain note the readincr. Evidentlv the difference of the rod 
will give the difference in elevation of the two points. 

If the points are too far ajwirt or if the difrerence of elevation 
is too great to he determiiitMl from ouo si'tting of the instrument, 
intermediate points must be taken. For instance, suppose it is 
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desired to find the difference of elevation of A and C in Fig 47, 
C being too far below A to permit of being read upon both points 
from a single position of the instrument. Set up the instrument 
(not necessarily on line from A to C) in some position such that 
the line of sight will strike the rod as near its foot as it is pos- 
sible to take a reading: send the rod to some point B such that 
the line of sight will strike the rod near the top when extended. 
The difference of these rod readings will give the difference of 
level of A and B. Now carry the instrument to some point such 
that rod readings can be taken upon B and 0. The difference of 
the rod readings upon B and C added to the difference of rod read- 




Fig. 47. 

ings uj)on A and B will give the difference of level of A and 0; 
proper attention being given to signs. 

If the line of levels is very extended the above method is 
awkward, as some of the differences will be positive and 
some negative. (Choose some plane called a datum plane, such 
that all of the points in the line of levels will lie above it. 

Beginning at the point A, assume the elevation of the point 
above the datum plane. Bead the rod held upon A, and the read- 
ing added to the assumed elevation will give the height of the 
cross- hairs above the datum plane, called the "height of instru- 
ment" (H.I.). Now, turn the instrument U{)on the point B and 
read the rod and it is evident that this last rod readinjr subtracted 
from the height of instrument will give the elevation of B above 
the datum plane. Next move the instrument beyond B, or at 
least where it can command a view of H and C and atpiin siijht to 
the rod held ujK)n B. This last rod reading added to the elevation 
of B will give the new height of instrument from which if the rod 
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reading at C is subtracted will give the elevation of C above the 
datain plane. Fig. 48 will make the method of procedure apparent. 
Keferring now to that figure, the first rod reading taken upon 
the {X)int A is ordinarily called av^'back-sight" and the first read- 
ing taken uj)on B is called a '^fore-sight". There seems to be no 
goo^l reason for adhering to this method of distinguishing between 
the rod readings and it is illogical and misleading. A back sight 
is not necessarily taken l>ehind the instrument, that is, in a direc- 
tion contrary to the progress of the survey, neither is a fore-sight 




Fig. 4H. 

necessarily taken in front of the instrument. It is more logical 
ami less misleading to designate these rod readings by the terms 
'•j)lus-aight'' and *Mninus-8ight'\ 

A plus-sight, therefore, is one taken upon a |)oint of known 
or assumed elevation, to determine the height of instrument. 

A minus-sight is one taken upon a point of unknown elevation 
and which, subtracted from the height of instrument, will give the 
recjuired elevation. 

A '*bench-mark" (]>.M. ) is some ol)ject of a permanent 
character, the elevation of which, together with its location, is 
accurately determined for future reference and for checking the 
levels. 

A ''peg", "plug'", or turning point'' (T.l\), is a point used 
for the j)ur|)ose of changing the position of the instrument. This 
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turning j)oint may be taken u{)on a bench-mark, but is oftener 
taken upon the top of a spike or stake driven into the ground. 

If a self- reading rod is used, the instrument man will carry 
the notebook and record the rod readings as they are observed. 
The leveler should cultivate the practice of calculating the ele- 
vations of his stations as the work progresses, thereby enabling him 
to discern errors when they occur. 

If a target rod is used upon the work, the rodman should also 
carry a notebook in which he should at least enter all readings 
uj)on turning points and bench-marks and check up with the in- 
strument man at every opportunity. Under the circumstances, 
the instrument man is more or less dependent upon his rodman 
for the correct reading of the rod and when an inexjierienced rod- 
man must be employed, the self- reading rod will give the better 
results. 

The limit of range of an ordinary leveling instrument is about 
400 feet, and sights should not be taken at a greater distance. 

The method of keeping the field notes for the work above out- 
lined is given below. A level notebook especially adapted to 
the purpose should be procured, the notes entered on the left-hand 
pages, the right-hand pages being reserved for remarks, sketches, 
etc. 
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It will Ixj noticeil that the algebraic sum of the plus and 
minus readings equals the difference of elevation of the first and 
last stations, and these quantities should be checked as often as 
jwssible to discover errors in addition or subtraction. 

Profile Leveling:. The method of profile leveling is the same 
in principle as above outlined, but the details of field work are a 
little different. 

In this sort of work it is intendiMl to determine a vertical 
section of the ground above a datum plane. To this end. rod read- 
ings are taken sufliciently close together that when the elevations 



67 



60 



PLANE SURVEYING 



are plotted and the points connected, the resulting irregular line 
will closely approximate the actual line of the surface. 

Profile levels are usually run in connection with a transit or 
chain survey of the line, the positions of the points being first 
established upon railroad surveys. These points are usually 100 
feet apart unless the ground is very irregular, when they may be 
50 or 25 feet apart or even less, the points being indicated by 
stakes. Upon sewer or street work they should seldom be more 
than 50 feet apart and the readings should be taken with the rod 
held uj)on the ground. 

Fig. 49 will illustrate the difference between profile leveling 
and the first Hysteiii outliniHl, souu^times called differential leveling 
or '*I)eg" leveling. Rt^ferring now to that figure A B is the datum 




Fig. 49. 

plane and the full lines at C,D, and E represent positions of the 
rod for turning points. Assuming the elevation of the point C, 
the rod is held upon it and the reading added to the elevation for 
the height of instrument. The rod is then carried successively to 
the points </, />, <% ^/, and each reading is in turn subtracted from 
the height of instrument at C, to get the elevations of these points. 

The roil is then held upon the point 1), the instrument moved 
and the plus-sight upon D added to the elevation for the new 
height of instrument. The rod readings upon *>, /*, //, A, /, etc., 
are then each subtracted from this new height of instrument for 
elevations. 

This figure illustrates the improjHM' ust» of lb*» terms back- 
sight and fore-flight. The roil readings at (', ^/, and h are taken 
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behind the instrumeDt, bat the rod reading at G is the only 
plus-sight. 

The method of keeping the field notes is illustrated below. 
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CROSS-SECTIONING. . 

One of the most important problems that confronts the 
leveler is the setting of '^slope stakes," called cross-sectioning, 
from which may be determined the amount of earthwork in cut 
or fill, and which mark the extreme limits of the operations of the 
construction corps in building railways, highways, sewers, canals, 
irrigation ditches, etc. 

The problem is as follows: Given the required width of 
finished roadbed or channel, with proper side slopes (depending 
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upon the kind of material), it is required to determine where 
these side slopes will intersect the natural surface of the ground 
with reference to the center line of the survey. The center line is 
defined by stake, carefully aligned and leveled, aiul a profile of it 
is prepared upon which the grade line is laid down, showing the 
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elevation of the tinishe^l roa<il)eil or channel with reference to the 
natural surface of the ground. 

Ix^t us assume the ground to be level transverse to the center 
line. Depth of cut at center = 12 feet; side slopes IJ feet hori- 
zontal to 1 foot vertical; width oFcut at bottom = 20 feet. See 
Fig. 50. 

Set up the instrument in some convenient position that will 
command a view of as much ground as possil)le. Hold the rod 
u[)on the ground at the center stake and note the reading. Snp- 
j)08e it to be 8.5 feet. Now if tiie ground is level, the distance 
from (; to K is evidently 10 + (12 y; li) --=: 2S feet and the rod 
should again read 3.5 feet when held at B. The point A would 
be found in the same way. 

Tiie notes would be kept as shown below. 
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Tlie |ti'e( Hiding examjile illustrates out* of the simplest cases 
that orcrur in practice. L*t us now take the case of a line located 
u|K)n the Hi<le of a hill. St^ Fig. 51. 

Depth to grade at center (> fet4; width at bottom 20 feet; 
sid«* slojH^H 1.1 to I. As before, hold the rod u[K>n the ground at 
(' and determine tlu^ height of instrument above <•. Suppose this 
to l)e 5.5 ft»et. Now, if the ground were level through C it would 
1h^ necessary to measure to the ritrht 10 ; i<)Xli) — l^>feetto the 
point I) and the nxl should read 5.5 feet. Instead it reads, say 
2.8 feet. We know therefore that we have not c£one out far 
enough by ( r).5 — 2.8) lJ--4.()5 feet, if the ground were level 
throucrh the iM>int D, brim^incr us to the point E where the rod 

should read 2.8 feet. Suppose it reads 2.3 feet. We must then 
go out 0.75 foot farther, each move brintjinfj us closer and closer 
to the point J>. This optM'ation niay 1m^ n»|H»ated as often as is 
considered necessary, but with a little experience in this sort of 
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work the instrument man can direct the rod closely enough to the 
point B for all practical purposes. We then enter the notes in 
the second line of the record shown above. 

Upon the left of the center, these operations are reversed. 
That is to say, we measure out 19 feet and instead of the rod read- 
ing 5.5 feet, k reads, say, 8.5 feet. We know then that we are 
out too far by 4.5 feet. We then move in toward the center the 




Fig. 51. 

required distance and read the rod again, noting how much it dif- 
fers from 8.5 feet, if any, and enter the final results in the notes. 

A third case is shown in Fig. 52, in which the transverse 
sloj)e is not uniform. The method of procedure is the same as in 
the other cases, but the rod should be held at the {)oint where the 
slope changes in order to find its height above grade. Enter this 
and the distance out in the third line of the notes. 

The transverse section may be very irregular, in which case 
it may 1k^ necessary to take readings at several points in order to 




Fig. 52. 

calculate the area of the sections with more exactness. At times 
a section will be cut partly in rock and partly in earth, forming a 
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coiupouDd section. Each material will, of course, have its own 
proper side slope, and the depth and extent of each must be deter- 
mined by soundings. 

In case the section is in fill instead of in cut, the method is 
the same as in the preceding cases, as will be illustrated in the fol- 
lowing examples. Let us first take a section level transversely. 

See Fig. 53. 

In this case the finished grade is to be 9 feet above the point 
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Fig. 53. 



0. Hold the rod at C and suppose it reads 3.25 feet. Now since 
the ground is level we go out to the right and left 9+(9xli) 
= 22.5 feet and set the stakes at A and B entering the record in 
the notebook as before, except that now the numerator of the 
fraction will be marked — instead of +. 

We will next take the case where the surface of the ground 
has a transverse slojx?. See Fig. 54. Now hold the rod at the 
point (\ and suppose it reads 9.25 feet. Now if the ground were 



u 




Fig. 54. 
level through C we would have to go out to the right 9+(6.25 

X 1.5) = 18.4 feet to some point D. But there the rod reiids, say, 

1.5 feet, hence we know we are out too far by 7.75x1.5 = 11.63 

feet, bringing us back to some point as E and the rod now reads, 
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say, 3.5 feet and we move out again 2.0x1.5 = 3 feet. Therefore 
we move back and forth until we find the point B where the com- 
puted rod reading and the actual reading agree. 

Sometimes it will be found that a part of the section is in 
cut and a part in fill, but methods outlined will serve in any case. 

The distance between the sections longitudinally will depend 
upon the nature of the ground. On uniformly sloping or level 
ground they may be taken 100 feet apart. Over uneven ground 
it may be necessary to take them as closely together as 25 feet or 
even less. In the sections themselves, a snfiScient number of rod 
readings should be taken that the area of the sections may be 
determined with reasonable accuracy. 

After the field work is completed, the notes are plotted, 
usually upon cross-section paper, and the areas determined either 
with a planimeter, by Simpson's rule or some other method. These 
sections then divide the earthwork into a system of prismoids of 
which the volume must be calculated. The formula for calculat- 
ing volumes is known as the Prismoidal Formula and is as follows: 

in which I = length between consecutive sections, A = one end sec- 
tion, B = the other end section and M -= the section midway be- 
tween the two. The result is given in cubic yards. 

The mistake must not be made of assuming that M is a mean 
between A and B; but a theoretical section must be plotted whose 
dimensions are a mean between those of A and B. This often 
results in quite a complicated problem, and various other formulas 
have been devised to give sufficiently close results without the 
labor and time involved in the preceding. This will be treated in 
detail in liailroad Engineering. 
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PLANE SURVEYING. 

PART II. 



The meridian plane of any place \ii)ou the earth's surface 
is a great circle jxissiiig through the zenith of the place and the 
polc^s of the earth. A true meridian is, therefore, a line lying in 
this plane, and would, if produced, pass through the ix)les. 

The magnetic meridian plane would in the same way be 
defined by the zenith and the magnetic pole of the earth ; but since 
this pole is not fixed in ix)sition, the magnetic meridian is defined 
as the direction of the line indicated by the jxjsition of the 
magnetic needle. 

At a few places upon the surface of the earth, the true meridian 
and the magnetic meridian coincide at timcs^ but for the most 
part they ditfer in direction by an ever varying quantity. The 
angle at any place between the true meridian and the meridian as 
defined by the magnetic needle, is called the magnetic declination 
for that place. If the direction of the magnetic meridian were 
constant, or if the changes followcnl any particular law, it would 
be a comparatively simple matti^r to determine the declination for 
any time or place. The variations occurring are of three principal 
kinds — diurnal, annual, and f^(>cular, tlie last being the most 
important. 

Diurnal Variation. On continuing observations of the 
direction of the n(?edle throughout the day, it will be found that 
the north end of the needle will move in one direction from about 
8 A. M. until shortly after noon, and th(»n gradually return to its 
former position. 

Annual Variation. If observations be* continued tliroughout 
the year, it will be found that the diurnal cliangi^s vary with th(» 
seasons, being greater in summer than in winter. 

Secular Variation. If accurate observations on the d(?clination 
of the needle, in the same place, an? continiied over a numlxT of 
years, it will be found that there is a continiial and compiratively 
constant increase or decrease of the d(»clination, continuing in the 
same direction over a long period of years. 

Copyright^ 190lft by American School of Com span Jence. 
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Besides the above, the declination is subject to variations more 
or less irregular, due to local conditions, lunar perturbations, sun 
spots, magnetic storms, etc. 

The d(»clination in any imvt of the United States may be 
approximately d(»tormined by consulting the chart issued from time 
to time by the United States Cofist and Geodetic Survey. (Se<^ 
chart, i>age 132.) Upon this chart all ixjints at which the nei»dlo 
points to the true north are connected by lines, called atonic lines 
or lines of no declination. Lines are also drawn connecting points 
of the same declination, calUnl Isogonic lines. 

The isogonic cun'os or lines of etjual magnetic declination (variation 
of compass) are drawn for each degree, a -^- sign indicating West declination, 
a — sign indicating E^st declination. 

The magnetic needle will point duo North at all places through which 
the agonic or zero line passes, as indicated on the chart. 

Before undertiiking an extensive or imix)rtant survey, it is 
the first duty of the surveyor to determine accurately his declina- 
tion. This is best done by laying out a true meridian upon the 
groimd and comparing its direction with that indicated by the 
nee^lle. Before describing the methods of laying out a true 
meridian, it will be best to describe the comixiss. 

THE COMPASS, 

Construction. The surveyor's compass consists primarily of 
a circular brass box, carrying, upon a pivot in its center, a strongly 
magnetized needle (see Fig. 50). The inside edge of the box on a 
level with the needle, is usually graduatinl to half degrees, and 
snialle^r intervals may Ix) " estimated." Two points diametrically 
oi)po8ite each other are marktKl 0°, and form the north and south 
ends of the box, the south end being indicated by the letter S, and 
the no7'(h end eitlier by the letter N or by a fleur-de-lis or other 
striking figure. The divisions extend through 90" iipon both sides 
of these ix)ints, to the east and west jx)ints marktKl respectively 
E and W. The east side of the box, however, is on the left as the 
observer faces the north end; this is bec^iuse the needle remains 
stationary while the box revolves around it. The divided circle is 
sometimes movabUs Ixung fitted with a clami) and tangent-screw 
for setting off the declination of the needle. 
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The magnetic needle is the most essential paxt of the compass. 
It consists of a slender bar of steel, usually five or six inches long, 
strongly magnetized, and balanced on a pivot so that it may turn 
freely and thus continue to point in the same direction however 
much the box carrying the pivot may be turned around. To this 
end the pivot should be of the hardest steel, ground to a very 
fine point, or, b(^tter still, of iridium; and the center of the needle 
resting ii^x^n the pivot should be fitted with a cap of agate or other 
hard substance. 

To distinguish th(^ ends of tht^ ne^nlle, the north (iiid is usually 




Fig. 56. 

cut into a more ornamental form than the south end, or the latter 
end may be recognized by its carrying a coil of wire to balance the 
"dip." 

Intensity of directive force and sensitiveness are the chief 
requisites in a magnetic needle, and nothing is gained by making 
a needle over five inches in length. Indeed, longer needles are 
liable to have their magnetic properties impaired by jwlarization. 
The needle should not come to rest too quickly. Its sensitiveness 
is indicated by the number of vibrations that it makes in a small 
space before coming to rest. Should it come to rest quickly or bo 
sluggish in movement, it indicates either that the magnetization 
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is weak or that there is undue friction between needle and pivot. 
The under side of the box should be fitted with a screw which, 
engaging a lever upon the inside of the box, will serve to lift the 
needle off the pivot when the instrument is carried about. 

The sights form the next most im|X)rtant feature of the 
compass. They consist of two brass uprights, with a narrow slit 
in each, terminated at intervals by circular apertures. They are 
mounted dir(K?tly upon the compass-box; or the bottom of the box 
may be extended at each end in the form of a iJate, and the sights 

attached at the ends of the plates. How- 
ever mounted, the sights should have 
their slits in line directly over the north 
and south ix)iuts of the divided circle. 
The right and left edgi*s, resjXKitively, of 
the sights, may have an eye-piece and a 
series of graduations, by which angles 
of elevation and depression for a range 
of about twenty degrei^s each way can 
be taken with considerable accuracy. 
This device is ciiUed a tangent scale, 
so called because of the distance of the 
engraved lines from the O^ line being 
tangents (with a radius equal to the 
Pig. 57. ^ distance between the sights) of the 

angles corre8j)onding to the numbers of the lines. 

The spirit levels may be placed at right angles to each other 
in the bottom of the compass-box, or mounted in the same way 

iiix)n the plate. 

The comimss is usually fitted to a spindle made slightly 
conical, which has on its lower end a ball turned perfectly spherical, 
oonfin(»d in a socket by a pressure so light that the ball cAn be 
moved in any direction in leveling the instnmicMit. The ball is 
plactMl (uther in the brass head of a Jacob staff, or, better, in the 
top casting of a triixxl. 

A plumb-lx)b should be providtnl with the instnmient to center 

it ov(?r a stake*. 

A teltJHcope is sometimes provided, to be attached to one of 

the vertical sights, for the purpose of more clearly defining the 
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line of sight. The compass is, however, so inaccurate that it would 
seem to be an unnecessary refinement. 

Prismatic Compass. This is a form of compass used in 
general where merely ordinary work is required. It is about 
3 inches in diameter with a floating metal dial (see Fig. 57), and is 
provided with folding sights and prism. By means of the latter it 
may be read while being pointed. This is especially useful when 
the instrument is held in the hand. Although it can be mounted 
on a Jacob staff, it is usually held in the hand and carried in the 
observer's pocket. 

Adjustment. To Adjust the Levels, First bring the bubbles 
to the middle of the tube by the pressure of the hand on diflFerc^nt 
parts of the plate, and then turn the instrument half-way roxmd. 
If the bubbles remain in the middle of the tulx»s, the tubes are in 
adjustment. If the bubbles do not remain in the middle, raise 
or lower one end of the tube to correct one-half the i^rror. Relevel 
the instrument, again test, and apply the correction as b(»fore. 
Continue the operation xmtil the levels are in ix»rfect adjustmtmt. 

To Adjust the Needle to the ^'Dip.'^^ While the compass 
is still in a perfectly level condition, see if the needle is in a 
horizontal plane. Should this not be the case, move the small coil 
of wire towards the high end until the needle swings horizontally. 

To Adjust the Sight- Vanes. • Observe through the slits a 
fine hair or thread made exactly vertical by a plummet. Should 
the hair appear on the side of the slit, the sight-vane must be 
adjusted by filing its under surface on the side that seems the 
higher. 

To Adjust the Needle. Having the eye nearly in the same 
I>lane with the graduated rim of the compass-box, bring one 
end of the needle in line with any prominent graduation mark in 
the circle, as, for instance, the zero or the 90-degree mark, and 
notice if the other end corresponds with the same degree upon the 
opposite side; if it does, the needle is said to "cut" opjx^site 
degrees; if not, bend the center pin, until the ends of the needle 
are brought into line with the opposite degrees. 

Then, holding the. needle in the same position, turn the 
instrument half-way round, and note whether the neeiUe now cuts 
opposite degrees; if not, correct one-b«^lf the Qrror by bending the 
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needle, and the otb^r half hj r^z.:li^ zi- •>-nier jnn. The 
oijeration of testing ar^d correctir^ ?L i-il*! l»r r-j»rai«d until perfect 
rcfversion is secured in the first pc<&iuon. TlIs b^ing obtained, the 
oix*ratiou should be tri»^l on tiL-::h-r q-iartii-r of tht- circle: if any 
error is found, tht- con>.<tion i:.i>: l>- cui^ir in the o-nter pin only. 
the net^Ue l>'ing alnady strai^rhtt. :>.il by the preTion* operation. 
When the needle is again mii'l- t* • out, th- tt-st should be tried in 
the other qtuirters of tht- circle, and the tx-rr^-inlon made in the same 
manner, until the error is entir^-Iy rvn:o\v»l an«l the needle will 
reverse at every point of the graiiurit^-il cin-le. 

Use. In the oix-ration of lc»oating loints, and therefore lines, 
by angle-measuring instruments, two oivniiions are necessary: — 
(1) to measure the angle at the instrument between some given line 
and the line passing through the given joint: \2\ to measure the 
distance from the instrument to the givt-n ix>int. For the first 
oix»ration two tyjX'S of instrument are in general use — the 
comixiss and the tnmsit. For the comiwss, the line of reference 
from which all angles are measunil is a meridian, and the angular 
deviation from this line is calleil the bearing. The bearing and 
length of a line are collectively nanutl the course. The compass, 
therefore, measures bearings diri'ctly and angles indirectly. 

To Determute the Beannq of One Pontf tVom Another. 
"Set uij" the comi)ass over one of the ix)ints. and level carefully. 
Turn the sight-vanes in the direction of the second point, icith the 
north end of the plate ahead. Hold a rod xi\)o\\ the second point, 
and cover it with the slits in the sight-vanes. Now lower the 
needk' n^xju the pivot, being sure that the instrument is still level; 
allow it to come to rest, and read the lx*aring. 

75? St/rn-y a Series of Lines with the Compass. **Set up" 
the c^oniiKiss over the \yomi A, with the north end of the plate 
ahead (Fig. 58); and aftt.T leveling, turn the sight- vanes to cover 
a rcxl held \\\}on i\w \)o\i\i B. No\vsend out the taix^ in the direction 
of B, and, sighting tlirough the slits, signal the head tapeman 
into line*. CoiitiiiiH* this until the ix)int B is reached. Now read 
and record th(^ bearing and the length of the line. Take up the 
instrunu^nt, and carry \t to B. Set it up over B, with the north end 
ahead, that is, pointing in the direction of the sur>'ey. Level, and 
turn the south end so as to cover a rod held upon the point A. 
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Read the bearing as a check tiix)n the foniier one, but reversed in 
direction; i. ^., if the b<»aring from A to B was north by east, the 
bearing from B to A will be south by west. If the direct and 
reversed bearings check, tuni the north end of the comimss to cover 
a rod held upon C Read the bearing, measure B C, take the 
instnnnent to C, and proceed as before. 

If at any station, such as C, the direct and reversed bearings 
do not agree, take the instrument back to B and again take the 
biiaring of B C. If they still disagree it indicates local attraction 
at C. Take the instrument to D and take the bearing of D C, 



Fig. 58. 

comparing it with the bearing of C D. If these disagree, record 
the bearings of B C and D C as well as those of C B and C D. 
The latter should check the former, since the local attraction at C 
will aflFect both lines ecxually; and the correct angle between the 
lines can be computed. 

Locating a series of lines with certain lengths and bearings is 
essentially the same as above, exc-ept that after the compass hiis 
been tumtH.! in the proper direction, the stations must be brought 
into projx^r line. 

Here it may be well to remark upon the proj^x^r method of 
reading and recording bearings. Always read the north or south 
end of the plate first; i. e.j if a line has a bearing So"" east of 
north, it should be read and recorded N 35° E. If the bearing is 
90° east or west of north or south, record the bearing as E or W. 

The Gunter's chain is always used in land siirveys made with 
the compass, and deeds and records of such surveys are based 
upon the Gunter's chain as the imit. 

Hints Regarding th^ Uhc of the Compass, Sometimes, as 
when the line of which the bearing is required consists of a fence, 
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etc., the compass cannot be set upon the line. In such a case 
measure ofiF equal distances at right angles to the line, and find the 
bearing of the parallel line; the length should be measured upon 
the line itself. In other cases it may be more convenient to set 
the compass or rod "in line" upon the line produced, or uix)n some 
intermediate point of the line. 

It is more important to have the compass level, crosswise of 
the sights, than parallel with them. 

Avoid reading the bearing from the wrong number of the two 
between which the needle points, as for instance 35° for 25°. 

Check the vibrations of the needle by gently raising it off the 
pivot and lowering it again by means of the screw on the under 
side of the box. 

If the needle is slow in starting, smartly tap the compass to 
destroy the efiFect of any possible adhesion to the pivot or friction 
of dust upon it. 

Avoid holding the pins, axe, or any other body of iron, in 
close proximity to the needle. 

Should the needle adhere to the glass after the latter has been 
dusted with a handkerchief or has been carried so as to rub 
against the clothes, the trouble is due to the glass being thereby 
charged with electricity and may be obviated by moistening the 
finger and applying it to the glass. 

RELOCATION. 

Supix)se it is required to relocate a line, no trace of the old 
survey Ixung at hand except the given line. Now, between the 
date of the old survey and the present, the declination of the needle 
has changed several degrees. The first duty of the surveyor is to 
consider this question very carefully, and to ascertain the probable 
amount of change in the magnetic needle. Supjx^se the result of 
his inquiry leads to N 38° 15' E as the bearing. Starting at 
comer A, Fig. 59, the surveyor runs a random line AS on the 
bearing N 38° 15' E, and nu^asures along this line a distance of 
32 chains, or 2,112 feet, to i)oint S. On arriving at S, the surveyor 
procecnls to look ovc»r th(» ground on both sides of this ^xjint for a 
lost comer, which is described in the old record as a monument, 
stump, or some other well-defined mark. If, after diligent search, 



88 



PLANE SUKVEYIXG 75 

no trace of this mark can be found, nothing farther can be done 
from the data at hand. However, should the mark be found at m^ 
a perpendicular is dropped upon the line AS, and its length is 

3 measured, as is also the distance iiS. 

J^c It is now evident that the distance 

^y^ ^^yjf^ Am becomes known. From the right 

^x^^-'' triangle, the angle wA/m can be com- 

^^^^_ puted, and the present magnetic bear- 

Fig. 59. ing of Am can be determined. 

For example, suppose that mn is found to be 37.4 feet, while 

An is 2,110.5 feet, then tan. nkm =—i — =^ 0.01772, whence nAm 

An 

=V 01% and the present magnetic bearing of Am is X 39"* 16' E- 

2 110 5 

The distance Am = ^-V,t7~ = 2,1 10.84 feel. This indicates 

cos. 1 01' 

that the present work is correct, and that the old survey was in error 

by 1.16 feet. As there is a principle of law that establishes comers 

and monuments, resurveys most control; therefore the new record 

of the line Am is X 30' 16' E, 2,110.84 feet. Intermediate points 

of the line Am may now be established from the starting point A, 

running it out with the new bearing. 

EXAMPLE FOR PRACTICE. 

Compute the distance and bearing of two points which are not 
intervisible. Call the line GH. A line is run approximately near 
H, from the known comer G to a point A which is visible to H; 
the bearing and length of this line being X 42° 15' E, 714.5 feet: 
AH being X 1° 08' E, 210.5 feet. 

Ans. X 33" 14' E, 88a24 feet. 

To Rod the Bearing: of One Line to Another. Suppose, in 
Fig. 60, that of the tract of land therein described there has been 
prepared a rough plot upon which the angles, bearings, and 
distances as taken from the field book are figured. In order to find 
the bearing of one line to another, add together the interior angles 
formed at all the comers; call their sums a; multiply the number 
of the sides l^ 180°; from the product subtract 360". If the 
remainder is equal to a, this is proof that the angles have been 
aocuiately measured. This, however, will rarely if ever occur; 
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there will always be some discrepancy, but if the field work has 
been jx^rformed with reasonable care the discrepancy will not 
exceed two minutes for each angle. In this case divide it, in equal 
parts, among all the angles, adding or subtracting, as the case may 
be, until it amounts to less than one minute for each angle, when 
it may be entirt^ly disregardcnl in common farm surveys. 

The corrected angles may now be marked on the plot in ink, 
and the penciled figures erased. We shall supjxyse the corrected 




Fip. 60. 

ones to be as shown in Fig. fJO. Next, by means of these corrected 
angles, correct the bearings also. 

Select some side, the longer the better, from two ends of which 
the bearing and the reverse bearing agree, thus showing that the 
bearing was probably not influenccid by local attraction. Let side 
2 be the one so selected; assume its bearing N 75° 32' E, as taken 
on the ground, to be correct; through either end of it, say at its 
farther end 2, draw a short meridian line, jDarallel to which draw 
others through every comer. 

Now, having the bearing of side 2, N 75° 32' E, and requiring 
that of side 3, it is plain that the reverse bearing from comer 2 is 
S 75° 32' W, and that therefore the angle 1 2 m is 75** 32'. 
Therefore, if we take 75° 32' from the entire corrected angle 123, 
or 144° 57', the remainder 69° 25' will be the angle ni 2 3; conse- 
quently the bciaring of side 3 must be S 69° 25' E. For finding 
the bearing of side 4, wo now have the angle 2 3 a of tho reyeise 
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bearing of side 3, also equal to 69° 25', and if we add this to the 
entire corrected angle 2 3 4, or to 69° 32' we have the angle a 3 4 
=x 69° 25' + 69° 32' = 138° 57', which, taken from 180°, leaves 
the angle J 3 4 = 41° 3' ; consequently the bearing of side 4 must 
beS41°3' W. 

For the bearing of side 5, we now have the angle 3 4 <? = 41° 

3', which, taken from the corrected 
C angle 3 4 5, or 120° 43', leaves the 
angle c* 4 5 = 79° 40', consequently 
the bearing of side 5 must be N 79° 
40 ' W. At comer 5, for the bearing 
of side 6, we have the angle 4 5 rf = 
Id 79° 40', which, taken from 133° 10', 
leaves the angle rf 5 6 = 53° 30'; 
consequently the bearing of side 6 
must be S 53° 30' W; and so with 
each of the sides. Nothing but careful observation is necessary to 
see how the several angles are to be employed at each comer. 
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Fig. 61. 



FARM SURVEYING ^., 

Method of Progression. Farm surveying with the compass 
does not differ in any essential particular from the methods 
outlined for surveying a series of lines. If the boundary lines are 
irregular, it will be necessary to measure offsets at proper intervals, 
that the included area may be calculated. The method above 
described is known as the method of progression. 

Method of Radiation. The method of radiation consists in 
setting up the instrument at some point inside or outside the field, 
from which all the comers are visible and accessible, and then 
measuring the bearing and lengths of the lines to these corners. 
Fig. 61 illustrates the method. Set up the compass at the point O, 
and take the bearings and lengths of the lines O A. O B, O C, 
O D, and O E. 

Method of Intersections. Lay off a base-line of convenient 
length inside or outside the field, from which all the comers are 
visible. Set up the compass at one end of the base-line, and take 
the bearings from it to each comer in succession. Remove the 



85 



TS PLANE srRVEYDfG 

rfjUii^v^ji to th*-- otht.-r *:zi'l of th«.- h^as-e-linr-. anJ take the bearings 
from it to ♦rJii'-h coni-r in sucoL-wioii. Tak*^ th»- bearing and length 
of th«- ba>»>lin»-. Now. whvn thr-s^ l>-arings and lengths are 
[Jott*-*!. th*: int'-rs^-ctioris of tl »* lint^ will JeSoe the comers. 

Proofs of Accuracy. Wh-m the snrveT of a field is plotted, 
if th<r einl of the hi.st cours** ni»jvt5 the starting |)oint, it prov^-s the 
work, and th«* sur^-»'V is th».-n said to "close." Errors of closon* 
may }j»: doe either to iiiforrv.H*t lengths of lines or to incorrect 
l>-arings, or to lx>th. 

Diagonal lint-s running from comer to comer of a field may 
b«,' inea.sun-il and their 1>» -a finis's taken. When theso are plotteil, 
th«:ir nn-etiug the ixjints to which they were measured proves the 
Hccurtiry of the work. 

Finally, the accuracy ot the work uiav be t^-stiil by calculating 
th«' *'latitud«*s and deixirtures" of all the courses. If their algebraic 
Kum is (r<iual to z**ro, the work is correct. A check npon the 
l>earings may Ix* had by calculating the "deflection angles"*" between 
thif courses. If their sum is eijUcd to 3*)0 dt*grees, the bearings 
an; correct. This, however, will st-ldoui be the case. A certain 
amount of error is ijermissible, dei>ending u^wn the nature and 
imixjrtance of the work. 

Field Notes. Tluf field notes may Ix* recorded in various ways, 
tlu; obje<;t IxMng to make thi*m clear and full. 

1. The surveyor may make, in the field book, a rough sketch 
of tluj survey by eye, and note on the lines their bearings and 
lenj^hs. If a protractor and scale an* available, the actual bearings 
and lengths of the lines may Ix' plotttnl in the notebooks, us well 
as offs<*ts, (»to. 

2. Draw a straight line* up the i^ige of the notebook, and 
n^-onl on it the Ix/arinj^ and lengths of the lines. Offsets, 
tie-lines, etc., can Ixi i>lott(^ in their pro^x^r positions. 

'^. Write t\w stations, bearings, and distances in three 
colnmnK. This nujthod has the advantage, when applied to farm 
surveying, of Ixiing conv(;nient for use in the subse(|uent calcula- 
tion of contents, but d(^'3 not give facilities for noting effects. It 
is illustrati'd as follows: 
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STATIONS. 



BEARINGS. 



DISTANCES. 






X. 32' E. 


16.82 


1 


S. 36' E. 


18.90 


3 


S. 27>i' W. 


7.85 


4 


S. 16' W. 


15.30 



Notice that distances are given in Gunter's chains, and in 
calculating content the result will be given in square chains, which 
can be reduced to acres by pointing oflF one decimal i^laa?. 

To Change Bearings. In certain kinds of work with the 
compass, it is convenient to assume one of the lines as a meridian, 
and it then becomes necessary to change the bt*arings of all of the 
other lines to conform with the assumed meridian. This case is 
best illustrated by an example. 

The bearings of the sides of a field are here shown : Suppose 
now that the first course is assumed as a meridian, that is, that its 



STATIONS. 



1 
2 
3 
4 
5 



BEARINGS. 



DISTANCES. 



X. 35^ E. 

N. 83>^' E. 
S. 57' E. 
S. 34>i' W. 
N.56H' W. 



2.70 
1.29 
2.22 
3.55 
3.23 



bearing is due north and south. Requireil the bearings of the 
remaining courses. 

Since the courses are changed to the west by 35'', the new 
bearing of course 2 will be N 48^° E. Of course 3 it will bi? 
57° + 35** = 92**, or the new bearing will be N 88° E. Of courst* 
4 it will be 34J** — 35**, or f** in the next quadrant, or the bearing 
will be S r E. Of course 5 it will be 56|° + 35** = 9ir, or the 
bearing will be S 88^** W. 

EXAMPLE FOR PRACTICE. 

The bearings of a series of courses are given as follows: 
The bearing of the first course is changed to due north and south. 
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It is reqainnl to determine the bearings of all the courses, due 
to this change. Find beiirings and plot the lines. 

Ans. Course 2r^'S 621° E; 3 = N 9° W; 4 = N 68° W. 



STATIONS. 

1 
2 

3 

4 



IIK.MJIMJS. 

S. 2V W. 
N. a'JJ4^^ K. 
X. 12^ E. 
X. 47 ^ W. 



DltrTAKCES. 



12.41 
5.86 
8.25 
i.2i 



Latitudes and Departures. The latitude of a point is its 
distance north or south of some linos takcMi nsapa7'aUel oflatittide^ 
or line* running east and west. 

The longitude of a \)o\ni is its distance east or west of some 
\\\\{} taken as a ineridtan^ or line* running north and south. 

The distance that one end of a line is north or south of the 
other end is tlie '* Differ(»nce of Latitude" of the two ends of the 
line, and is called its northing or southing, or its latitude. 

The distance that one end of a line is east or west of the 
other end is the " DifiFerence of Longitude " of the two ends of the 
line, and is calked its easting or westing, or its departure. 

Th(i terms Latitude Difference and Longitude Difference have 
of late come into quite general favor; but while they are perhaps 
more explicit, they are certainly cumbersome, and the older terms 
will be adhered to in what follows. 

In Fig. 62, N S represents a meridian, 
and E W a parallel of latitude. If we 
take the line O A, its bearing as given 
by tlie comi>ass is the angle NOA. The 
^ latitude or northing of the point A is 
tlicrefore A B = O A cos NOA. Its 
departure or easting is O 8=0 A sin NOA. 
To find the latitude of a course, 
multiply the length of the course by the 
natural coshie of the bearing; and to find 
Fig. 62. the departure of any course, multiply the 

length of the course by the natural sine of the bearing. 




88 



PLANE SURVEYING 



81 



If the course be northerly, the latitude will be north, and will be 
designated by the sign +» or plus; if the course be southerly, the 
latitude will be south, and will be designated by the sign — , or minus. 

If the course be easterly, the departure will be east, and will be 
designated by the sign +» or plus; if the course be westerly, the 
departure will be west, and will be designated by the sign — , minus. 

Thus in the figure, OA is of plus latitude and plus departure; 
OP is of plus latitude and minus departure; OD is of minus 
latitude and minus departure; and OC is of minus latitude and 
plus departure. 

For calculating latitudes and departures, a set of traverse 
tables may be procured; but a table of natural functions will be 
satisfactory, though possibly less convenient. 

Testing: a Survey by Latitudes and Departures. It is evident 
that after the surveyor has gone completely round a field or farm, 
measuring all the lengths and bearings, returning to the starting 
point, he has gone as far north as south, and as far east as west. 
In other words, if the work has been done correctly, the algebraic 
sum of the latitudes must equal zero, and the algebraic siun of the 
departures must equal zero. This condition, however, will seldom 
be attained, and it becomes necessary to decide how much error 
may be permitted without necessitating another survey. This will 
depend upon the nature of the work and its importance, and a 
surveyor will soon determine for himself his factor of error, 
depending partly upon his instrument, partly upon personal skill, 
for ordinary cases. If it is necessary to depend upon a "green" hand 
to carry the tape or chain, this may prove a fruitful source of error. 

We shall now proceed to calculate the latitudes and departures 
of the survey as given below. Arrange the diagram as below with 
seven columns: 



STATIONS. 


BEARINGS. 


DISTANCES. 


LATITUDES. 


DEPARTURES. 


N. 


s. 


E. 


w. 


1 


S. 2V W. 


12.41 




11.591 




4.443 


2 


N. 83Ji*' E. 


5.86 


0.691 




5.819 




.3 


N. 12'' E. 


8.25 


8.069 




1.716 




4 


N. AV W. 


4.24 


2.892 






3.104 






30.76 


11.652 


11.591 


7.535 


7.547 
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Thi- iij^-jiif «if iht* U'arinsr of course 1 is l).9.'U.12.41=ll.ri01 — Latitude. 
Th«- sino iif ih'» Ix-arint: of courst^ 1 is 0JV»8. 12.41= 4.443- Deiwrture. 
Thi/ .'ii^ini' uf ihr U*arinir of course 2 is 0.11S..\86 = 0.G91 -f Latitude. 
Th-' sint* uf the b*-ariner of course 2 is 0.99:L'j.86 = 5.819 -^ I^pftrtore. 
Th»- eofine of the lx*arinc uf course 3 is 0.9TS.8.25 = 8.069 -h Latitude. 
Tin- >iiio of the U^arin^' of course 3 is 0.2l.)8.8.25 = 1.710 -f- Departure. 
T!i'.' .u.-ir.** of thi.* In'arinir of course 4 is 0.682.4.24 = 2.892 -^Latitude. 
Thi- r-im* of th«» b»*arini: of course 4 is 0.732.4.24 = 3.104 — £>eparturB. 

The latitmlfs fail to balanci' by O.OU chains, and the departnroB 

l»y (>.«U2 chains. Th«» t'rror of "closun*" of the survey is therefore 

■I •■ 

E .-^.i)***! — .012 --^ O.i^Vl -r chains, or approximately 4.09 feet. 

This sum may bt' dividiMl up among the courses in proportion to 
thL- K'Tigth, <^r tht' l>«'arings may bi» corriHjtcd, or partly one and 
p,irtly till' otluT. as will heroaftor bt» explaininl. 

Ekilancing the Survey. B(>fon> procetnling to the calculation 

o{ till* ooiiti'iit o{ a til-Ill or farm, the survey must be balanced; 
that is. till- latituili'S ami iloixirtun^s must bo corrected so that their 
sums shall Vh' I'ljual. or shall hilanois As to whether the bearings 
or li'iitrtlis shall 1h» oorri'cti'<l, will do^xMid somewhat upon the 
coiiditioiis iuul»T which the survey was made. If the surveyor has 
n.i^on to think lh.it thr iTn>r is ontirt'ly in the bi'aring of one or 
nioif. (M* «vrn nt' all i»f tlu* ivMirst's. tlio corrections may bo made 
.u'lMinliiiu'lv. If. t>ii tli«' otlu*r hand, one or mort* of the courses 
wrH' nu a>un'»l ovrr •lillimlt Lcr«»uinl, it may be presununl that the 
rrnn* oi'i'urnMl in tlu^si- liiu's. If, htnvi'ver, there is no reason to 
lu'lirvi' that iMU" rnursi- is in error more than another, the 
ditViriiirrs Hi.iy Ih- <listrihutiMl anions the courses in proportion to 
tlii'iv IriiL^tli. ari't.nlinLC to the follnwin.LC i)ro|K)rtions: 

.i.N ///, /f ,,i/f/t n/ tlinj rniir.si l.s tn (In ,stffH nf flu' IviUjihs of all 
tin nn/f.s, s, .S.I f's fin fnrrt rt ',nn nf'tln /if(!(ttf/(' ttf (/4f(( COtirftf fo 

t/u tiitti! t //■'»;' /'/# liffttihh nt itJJ (In cntit'SiS, 

* 

, I .N f/»t It ,n/tli itf tliiij rtiursr /s (n (In .v // /// nf (h i ' Iciiljth S of 
ilJI til, rntf/\^,.s\ .sii t's th, mriU rf'tini nf'tln tU niirtniU- of (hilt COHVSe 
tn tin tiitill i rrnr in <li /nl it H t't nt'tlH tin I'fn/f'.si.s. 

Till* practical application of these ])roiH>rtions to balancing a 
survey will be illustratiMl from the jirciTdini^ problem: 

Kiir cuurso 1 . I'J.ll : .'^>.T(- :: r : (MMil /• .(rJir,, rdrn'ction for Intitudo. 

Fur C(iur>i' 'J . :».sii : :50.7«J : : .r : (Mh',1 . *• .olid, rum vtion for latitude. 



90 



^ 



PLANE SURVEYING 83 

For course 3 8.25 : 30.76 :: x : 0.061 x = .0164, correction for latitude. 

For course 4 4.24 : 30.76 :: x : 0.061 x = .00B4, correction for latitude. 

Since the sum of the north latitudes is the greater, the corrections will be 
subracted from them and added to the south latitude;. That is to say, the 
correction for course 1 will be added to 11.591, the result being 11.6156. 
The correction for course 2 will be subtracted from 0.691: that for course 3 
will be subtracted from 8.069: and so on. 

For course 1. . .12,41 : .30.76 :: r : 0.012 c = .0048, correction for departure. 

For course 2. . . 5.86 : 30.76 :: jr : 0.012. . .x = .0023, correction for departure. 
For course 3.. .. 8.25 : 30.76 :: x : 0.012.. .jc = .0032, correction for departure. 
For course 4.. .. 4.24 : 30.76 :: x : 0.012.. .jc = .0017, correction for departure. 
The corrections are to be subtracted in this case from the west departure 
and added to the east departure. 

In this example, the errors are small, but often they will be so 
large as to raise doubt as to the accuracy of the survey. In such a 
case, go carefully over all the computations, and, if the error is still 
too large, check the exterior angles of the figure (their sums 
should equal 360°), and if necessary repeat the survey. Having 
corrected the latitudes and departures, the corrected bearings of the 
courses may be deduced from the trigonometric ratio: 

^ , . corrected departure 

^ corrected latitude 

Calculating: the Content. After a field has been surveyed, its 
content may be calculated by dividing it up into triangles, trape- 
zoids, etc., calculating the various contents, and adding them 
together. This, however, is at best a cumbersome method, involv- 
ing much work of calculation and great chance of error. The 
method of latitudes and departures is at once simple, easily applied, 
and easily checked. 

Before proceeding to develop a formula for this method, it will 
be necessary to illustrate and define certain terms. 

Draw a line, as N S (Fig. 63), through the extreme east or west 
comer of the field for a meridian. From the definitions previously 
given, the difiFerence of longitude of the two ends of a line is the 
departure of the line. I B is therefore the departure of the line 
A B. The departure of the line B C is L C; that of E F is S F; 
and that of A F is O Q. 

The perpendicular distance of each station from the given 
meridian is the longitude of that station^ plus if east, minus if 
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west. Thus the longitude of A is zero; that of B is I B; that of C is 
I B + L C; that of E is O Q + F S; and that of F is O Q = 
ZS — FS. 

The difference of latitude of the two ends of a line is called the 

latitude of the line. Thus the 
latitude of A B is A I; that 
of BC is BL; that of E F 
isES. 

The distance of the middle 
of any side of a field from the 
meridian is called the langi- 
tilde of that side. Thus the 
longitude of the side A B is 
GH; thatof BCis JX = GH 
+ KM + MX; and that 
of A F is WV = OR — QR 
Fig. 63. — QP, the minus signs being 

used in this instance because the lines E F and A F bear to 
the west. An analysis of W V will show that it equals O R 
(longitude of preceding course) + [ — R Q (one-half departure of 
precixling course)] + [- QP (one-half d(^i>arture of the course 
itself)]. 

To avoid fractional quantiti(»s, double the preceding expres- 
sions and thi^n deduce a g(»neral rule for finding double longitudes. 
The double longitudes of the first course equals th(^ departure 
of that course. The double longitude of the second course e(|uals 
the double longitude of the first course, plus the departure of the 
first course, plus the dt^i^arture of the second course. 

The (hfuhle longlti'de of any course equals the double lofigi- 
lude (f the prerediug course, plus the departure of the preceding 
c(nn'se^ plus the departure of the course itself 

We shall now procecnl to dcnluce a rule for detenu ining areas 
by double longitud(*s and departun^s, and shall first take a three- 
sidtnl fii4d, as in Fig. (U. 

Drawing a line through the most westerly comer A, we s(m» 
that the area of the field will be the diffi»rence between the area of 
the trai)ezoi(l D B C M and the conibincMl area of the triangles 
DBA and A C M. The doubli^ area of i\w triangle D B A is the 
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product of D B by D A, or the double longitude of A B by the 
latitude of A B. The resulting product will be north or plus. 
The double area of the trapezoid D B C M is the product of (D B 
+ M C) = 2 G H, by D M, that is, the double longitude of B C by 
its latitude. The resulting product will be south or minus. The 
double area of the triangle A C M will be the product of M C by 





Fig.6L 



Fig. 65. 



A M, or the double longitude of the course A C by its latitude. 
The resulting product will be north or plus. Adding tog(»ther, 
then, the plus products, and subtracting from the minus product, 
gives as the result the double area of the field. 

We shall next take a four-sided fi(»ld, as in Fig. 60. 

It is evident that the area of the field A B C D is the diflFerence 
between the sum of the areas of the two trapezoids T B C R 
and R C D E and the sum of the areas of the trianglc^s A B T 
and A D E. 

The double area of the triangle A B T is the product of B T 
by A T, or the double longitude of the course* A B by its latitude. 
The result will be a north product or plus. The doubh* area of the 
trapezoid T B C R will be the product of (T B + C R) = 2 L P 
by T R — that is, the double longitude of the course B C by its 
latitude. The result will be a south product or //^ ut us. The double 
area of the trapezoid R C D E will be the product of (R C + D E) 
= 2 P K, by R E, or, the double longitude of tlu» course* C D 
by its laUtnde. The result will be a south product or minus. The 
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8ta- 

TIOXH 


1 

Rearinos 


Dift- 

TAKCKA 


Latitudes 
N. S. 


Departures 
E. W. 


' Double 
Longi- 
tudes 


Double 


Are AH 


1 


S 21' W. 


13.41 




11.616 




4.438 


[ —7.204 


K).683 




2 


; N.8S5i°E. 


5.88 


0.679 




5.821 




-5.821 

1 




3 952 


3 


' X. 12' E. 


8.25 


8.053 




1.719 




+ 1.719 


13.843 




4 


i N. 47* W. 

1 


4.24 


2 884 






3.102 


1 -f0 336 
UH 494 


969 








3 952 
















3 952 




















2; 94 512 







47.271 
ARKA=: 47.271 Sg. (:^S. = 4 ACKKS, 2 ROODS. 37 Sq. I'BRCnBS. 



double area of t\w triangle A D E will be the i^roduct of E D by 
A E, or the double longitude of the course A D by its latitude. 
The result will be a north product or plus. Finally, adding 
together the north products, adding together the south products, 
and taking the difiFerence of their sums, gives as the result the 
double area of the field A B C D. 

The same principle will apply to any encloswl area, however 
great the number of the sides. 77te area wHl always he one-half 
the (hf'ereure of the sums of the riorth and the south products 
(I rising from nniltiphjinfj the do^itde hnujitude af eavlt mnrsf hi/ 
its Intitvdc. 

For systematic romputatioii arrange the* work as follows: 

Arranpfo the columns as iii th«* problem on pape 83. 

Balance the latitudes and departures, puttinjj the corrected (juantities 
above the others in red ink: or else arrange four additional columns, and enter 
them in their proi)er places. 

Compute the double lonpfitude of each course with reference to a 
meridian passing throu^rh the extreme east or west station, and place the 
results in another column. 

Multiply the double lonjritude of each course by the corrected latitude 
of that course, and place north i)ro<lucts in one column and south products in 
another. 

Add tojjether the north j)roaucts and also the south i>nKluct.s, and take 
fhe difference of their sums. Divide the ditference by two, and the result 
will be the area desired. 

If the survev has been made with a (Uinter's chain, the result will be 
in square chains. Divide by ten to reduce to acres. 
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To test the correctness of the calculation, assume the meridian as passing 
through the extreme station upon the other side of the field, and carry out 
the work in detail as before. 

We shall now proceed to calculate the content of the field given 
by the notes on page 81. The corrections to the latitudes ^iill be 
found on page 82, and the corrected departures on page 83. 

The arrangement of the columns for convenient calculation is 
as described on page 86. Upon making a rough sketch of the courses, 
it is found that station 3 is the farthest east; and therefore the double 
longitudes will be calculated beginning with course 3. From the 
definition previously given, the double longitude of course 3 is equal 
to its departure = + 1.719. The double longitude of course 4 
equals the double longitude of course 3, plus the departure of course 
3, plus the departure of course 4 = 1.719 -|- 1.719 + (-3.102) = 
+ 0.336. The double longitude of course 1 equals the double lon- 
gitude of course 4, plus the departure of course 4, plus the departure 
of course 1 = 0.336 + (- 3.102) -f (- 4.438) = - 7.204. The 
double longitude of course 2 ecfuals the double longitude of course 1, 
plus the departure of course 1, • plus the departure of course 2 = -f 
(- 7.204) -f (- 4.438) + 5.821 = - 5.821. Multiphing these 
double longitudes by their respective latitudes, gives the quantities 
in the last two columns, the first, third, and fourth being positive, 
and the second negative. Taking the diiTerence of the sums of the 
quantities in these columns, and dividing the result by 2, gives the 
content of the field, 47.271 sc|uare chains. Dividing by 10 gives 
4.7271 acres. Reduce to roods and perches by multiplying the 
decimal part by 4 and 40 successively. 

The result may now be checked by beginning with the most 
westerly station, and it will be necessarj* to recalculate the quantities 
in the last three columns. 

The following problems are taken from **Ciillespie's Surveying" 
(Staley): 

EXAMPLES FOR PRACTICE. 

Calculate the content of the fields from the data tabulated 
below. The result, where found in sc|uare metres, should l)e reduced 
to acres: 1. sq. metre = .000247 acre. 
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(I) 



STATION'S. 



1 

2 

a 

4 



(2) 



STATIONS. 



2 
3 



(H) 



STATION.S. 



2 

:] 

4 

5 

< 

8 



10 

11 

12 



BEARINGS. 



DI8T\NCKS. 



' N.34V4 E. 


2.73 


N. ST)^ E. 


1.28 


S. 56:^4 E. 


2.20 


1 S. 34^4 W. 


3.53 


X.06I2 W. 


3.2() 



Ans. 1 acn\ nxxLs, 14 ixirches. 



HKAKIMi.S. 

X. :iv E. 

N. m^^ E. 

S. 57 E. 

s. :w.^ w. 

N. 56I2 W. 



DISTANC'I'-S. 



2.70 
1 29 
2.22 
3.55 
3.23 



Ans. 1 acre, roods, 15 perches. 



BKA RINGS. 


DISTANCES. 


S. 5 35' W. 


2,388.88 meters 


S. 39= 35' W. 


1,000.27 meters 


S. 50^ 25' E. 


3,078.31 meters 


S. 79 5' E. 


325.00 meters 


S. 53= 50' E. 


275.00 meters 


S.48 15' W. 


200.00 meters 


N.82^ 45' E. 


450.00 meters 


S. 87^ 40' E. 


186.72 meters 


N. 


8,768.12 meters 


X.84= 25' W. 


1,898.54 meters 


S. 5 .T)' W. 


3,530.60 meters 


N.84^25' W. 


257.50 meters 




i 4,999 acres 


J 


Viis. I 3 roods. 




( JUh^ SCI. rods. 



Supplying Omissions. Tlu» iiu^thoil of latitiid<^s and dcpar- 
I'lrc.s may he* applied to supplying any two omissions in the field 
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notes, as will be explained in connection witli the "Use of tlu5 
Transit." 

Azimuth. Tlie azimuth of a line is the horizontal angle 
which the line makes with some other line taken as a meridian. 
It differs from bearing in that it is measured continuously from 0^ 
to 360°. All descriptions of projKTty must 1x3 given in tenns of 
bearings, but line surveys with either the compass or tlu^ transit 
had better be given in terms of the azimuth. 

In astronomical and geodetic work it is customary to re(^kon 
azimuth from the south point around through the inest^ through 




Fig. 66. 

360°. For the ordinary ojjerations of surv(»ying, liowtncr, it is 
better to measure the azimuth from the north i)oint to the right 
through 360°. 

RESURVEYS. 

Where the bomidary lines of a farm or town have bet^n ol)lit(T- 
ated and the comers lost, it is often niicessary to make* 
resurveys in order to re-establish them. If tlie comers can 1h^ 
found by reliable evidence, they must be? accepti'd as comers vwn 
though the second bearings and h^ngtlis of thi» lint^s indicviti* 
different points. 

It sometimes hapx^ens that some comers can lx» found whil(^ 
others cannot. In such cases a series of random lines is to In? run 
with the old bearings, or with the old bearings correct(?d for a 
change in declination of the notxUt* lx»tw(»on the two dates. 

As an example, h»t th(i reconls in iui old dc^nl give* tin* Inigtli 
and bearings of three lines as follows: (Sec Fig. (UJ. ) 
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A6 N 60** E 10 chains. 
6c X 45^ E 4 chains. 
cd S 45" E 8 chains. 

There being no definite data at hand to determine the change^ 
in the magnetic declination between the dates of the two surveys, 
the lines AB, BC and CD are run with the given bearings and 
distanc^^s from the known comer A. The old comers i and c 
cannot be foimd; but on arriving at D the old comer d is discov- 
ered at a ix)int 20.4 links S and 12° W from D It is required to 
locate the old comers I and r. 

By the method of latitudes and departures explained before, 
the lengths of the lines DA and flA may be computed. They are: 
for DA, south 82^ 47', west 17.29 chains; for dA, south 83° 26', 
west 17.22 chains. 

Now the error T>d between the two corners is due to two 
causes: (1) the continual varintion in the magnetic bearings of the 
old surveys, (2) the diffen^nce in the h*ngth of the chains used. 
Th(» first cHuse alters tlu* ix^lygon Abed A around the point A by a 
small angle. The si»cond cause alters the length of the sides in a 
constant ratio. The diflfi»rence betwcM^n the bearings DA and dA 
is the constant angle, while the ratio of the length of the old lines 
is the constant ratio. To find the bearings of the pld line, there- 
fore, eacli of the given Ix'arings is to be corrected by the amomit 
83° 2fr minus 82° 47' = 0° 39'. To find the length of the old 

17.22 

line each of the given lengths is to Ix' niultii)li(jd by fif-^ = 0.99f >. 

Supix)se now that tht» work of comxmtation h^is been done* 
with such i>recision that the error in chaining must be regarded as 
lying in the old survi^y. Applying thes(» results, we find the 
adjust(*d bearings and lengths of the old lint^ to be, 

A/y — N 00° 39' E 9.96 chains. 

/;,. z=r: N 45° 39' E 3.99 chains. 

rd rr^S 44° 21' E 7.97 chains. 

With the new data the line may be rerun and the comers h and c 

located, a check on th(* field work being that the lost line should 

end exactlv at d. 

Tt is, however, not ditfioult to eomputt* the liMigth and bearings 
of B h and C f\ so that h and c may b(3 located from the points 
B and C. 
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Since the angle B Ab is small, the triangle B Ab may be con- 
sidered similar to the triangle D A d. We will then have the pro- 
portion : 

Hb'.Ddi'.AB'.AD. 
^^' oi. n^sx'^^^ .204X10 ,,orb 

A similar proportion may be written for the side B c, and the 
result added to the value of B 6. 

The same principle may be used to determine the bearings of 
B b and C c, so that, with the lengths and bearings of these lines 
determined, the most probable location of the old comers b and c 
can be fixed. 

EXAMPLE FOR PRACTICE. 

The records of an old sur\'ev read as follows : 

"(Commencing at a point marked No. 5 and running N 62° E 
14 chains to a stake marked A, thence running X 43 i° E 8.00 chains 
to a stake marked B, thence X. 5° W. 12.00 chains to a stake C, 
thence N 724? E. 10.25 chains to a stake I), thence S 12° \V 6.43 
chains to a stake marked Xo. 3. On nmning the lines, the end 
of the last one, instead of Iwing at a stone marked No. 3, was 0.62 
chain due E from it." Find the adjusted bearings and lengths 
of the old lines; also find the distance and direction fn)m each station 
of the new survey to the corresponding comer of the old. 

DIVISION OF LAND. 

The method of latitudes and departures is esjK'cially useful in 
the division of land. The problem is usually as follows: (iiven the 
lengths and bearings of the sides of a field containing a certain an^a; 
it is required to divide the area into certain parts by a line running in 
a certain direction, in which case it is necessary to determine the 
starting point of the dividing line. Or it is re(|uired that the line 
shall begin at a certain point, in which case it is necessary to deter- 
mine the direction of the line. 

A certain field is described as follows: 



1 


N. G;i°51'\V. 


r».in chs. 


•> 


X. (53° 14' W. 


7/J(> " 


3 


N-. G9°:j.V W. 


3.;i4 " 
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4 srrsor w. 

5 S.'M'24'E. 

6 N.3P18'E. 

7 S. 68*» 55' E. 

8 S. 6S*» 42' E. 

9 S. 33<» 45' W. 



6.54 Chs. 
14.38 •• 
16.81 
13.&4 
11.54 
31.55 



*s 



ti 



■< 
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Beginning at a point upon the side 91, it is required to divide 
the area into two equal parts of 37 acres by a line having a bearing of 
N. 68^ 46' W. ^ome preh'minary calculations will be necessary to 

determine the start- 
ing point of the 
dividing line such 
that the resulting 
area will be nearly 
that desired, and 
this dividing line 
will be practically 
parallel to a line 
connecting stations 
7 and 9. Call the 
dividing line A B 
(see Fig. 67), and 
if this line begins 
at a point 15 chains 
from station 9, the 
length ot AB wiU 
be 24.528 chains; 
that ot B 7 will be 14.90 chains. We shall now proceed to calculate 
the area by latitudes and departures, l)eginning with station 9. 
The calculations are shown in the following table, and the result, 
36.5186 acres, is short of the required area by 0.4814 acre or 4.814 
scfuare chains. 
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Fig. 67. 



Station 


1 

Bkarinos 


Di»- 




S. 33^ 


45' W. 


TANCKft 


9 


IS no 


A 


N. OH^ 


46' W. 


24 ft2« 


n 


S. 31 «» 


IH' E. 


14 W) 


7 


S. flS*> 


5.S' E. 


13.64 


8 


s. w 


42' K. 


11 M 



Latittdls 


N. 


s. 




12.472 


8 883 




12 731 






4.907 




4 192 



Departures 
K W 



7 741 
12 727 
10 752 



8 834 
22 863 



Double 

LONQI- 
TUUK8 

— 8 8S4 
—80 531 
-54 668 
—34 186 
—10 706 



Double A he as 

+ — 



108.MS 



157.746 
44.no 



KI.164 
6K.787 



Ahea = 30.5186 Aches. 



816.868 1046.041 
16.868 

tffmln 
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Our line A B must therefore be moved farther south such u 
distance that the area enclosed between the first and second posi- 
tions shall equal 4.814 square chains. Considering this area as a 
rectangle (which it will be nearly), the line A B will be moved south 

<^A MO = 0.1961 chain, or, say, 0.2 chain. The line 9 A will 

be therefore 15.2 chains in length. The length of ^ fi will not be 
materially changed. B 7 will now be 15.1 chains in length, while 
78 and 89 will be the same as before. The latitudes and depar- 
tures of 9 ^,^ £, and B 7 must be recalculated, as well as the 
double longitudes of all of the courses. The calculations are found 
in the following table, and there results an area equal to 37.015 
acres. 



Statiok 


BBABIRGS 


9 


S.SV^IS'W. 


A 


N.e8»46'W. 


B 


N.Bl'18'E. 


7 


S.aBoSS'E. 


8 


S. «<" 43' E. 

1 



Dl8- 
TAMCKS 

15.20 
t4.6S8 
1S.10 
1S.64 
. 11 54 



Latttudbs 

N. 8. 



DBPAKTUKES OoUBLKj UOUBLK 
LONGI- 



AHEAS 



W 



TUDES 



18.038 



8.883 
18.903 



4.907 
4.198 



7.W5 
12.727 
10.753 



8.445 — 8.445 

22.863 i —39.753 

I 
- 54.771 

: -34.199 

-10.720 



+ 



106.728 



853.136 
706.65 



167.814 
44.938 

319.480 



2 7 



1059.781 
319.480 
. < 40.301 



370.150 



Area — 37.015 Acres. 



Referring to Fig. 67, starting at a point -4 on 91, 12.25 chains 
from station 9, it is required to find the length and bearing of .4 B 
such that the area 9 A B 7 8 9 shall ec]ual 32 acres. 

First draw a line from A to station 7, and by latitudes and 
departures calculate the area A 7 8 9/1, and determine the length and 
bearing of A 7. Call this latter area H. Then the area AB7A 
must equal 32-11. From the point B, erect a perpendicular B C 

♦o the line A 7. The area of A B 7 .1 will e(|ual ' x BC ^ (32- 
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11); 



2 (32—11) R C 

BC == \^ ^ Therefore fi 7 = -. -~^yr In the tri- 
A7 sin B i C 



angle A B 7 A we now have two sides and the included angle from 
which to calculate the length and bearing of A B. 

THE TRUE MERIDIAN. 

In order to ascertain the true meridian of a given plan*, 
several methods may be x^ursued. The general practice is to use 
the star Polaris at culmination or elongation. This star is on the 
meridian, nearly, when a iJumb line covers it and the star Zeta, 










DEjLTAv' 
^^ — . I 

\ 'CASSIOPEIA 



Nw. 



Fip. 68. 

the next to tlie <^nd of the liaiidlc of -Thi» Dipix-r." See Fig. 68. 

When Polaris is on tlu» nioridian, as illustrattxl in this 

instance, it is said to be at "culmination." This star is oiften 
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ref(?rnHl to as the north or pole star. It is about l^^" from the 
ix)le, and revolves around the pole once every 23 hours and 56 
minutes. Thus it is apparent that it comes on the true meridian 
twice each day. The arrows in tlie figure indiciite the direction of 
the rotation. 

To Determine the True Meridian by the Compass. Wtt/i 
Polaris at Eastern or Western Ehngation, To determine th(* 
true meridian by means of the compass, take a i)lumb-line, and 
attach one end of the line to any suitable support situated as far 
above the ground as practicable, so as to liave a clear fi(»ld of view 
about 20 feet away. A board nailed on a tt^legraph pole, tr(H>, or 
post at right angles, will suffice for tliis purpose. The i)lumb-bob 
may be of any suitable material, of about 5 lbs. in weight, as a brick, 
stone, iron ring, or coupling. It will starve thc^ same pur^xjse, with 
Jis accurate results, as the most highly ix)]ished or carefully manu- 
factured plumb-bob. The plumb-line should be about 25 feet in 
length, depending M\Km the latitude of the plac(% since the altitude* 
of the pole above the horizon at any place is ecjual to th(» latitudt? 
of that place. 

Illuminate the plumb-line just below its support by means of 
a bull's-eye lantern, lamp, or candle, care being taken not to 
obliterate the line from the view of the obs(^rver. Tlu? b<»st way is 
to screen the light, and throw the light on the x)hiuib-line by 
means of a reflector. 

Next unfasten one of the uprights of the ronqxiss, and jJace it 
on a horizontal rest at some convenient ix)int south of the x)lunib- 
line, say 30 feet in an east or wx*st direction, and in such a 
position that when viewed through the p(H»x)-sight, Polaris will 
appear about two feet below the supixDrt of the x^lumb-line. It is 
customary to determine this position by trial the niglit Ix'fore 
the observation. 

About 25 minutes before the time of elongation, as jht table 
on page 130, bring the peep-sight into the same line of sight with 
the plumb-line and the star Polaris. Before reaching (4ongatioii, 
the star will move away from the plumb-line, to the east for easti»rn 
elongation, and to the west for western elongation. H(*nce, by 
moving the peep-sight in the propter direction that is, east or 
west — the star can be kept on the plimib-line until it api)ears to 
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Temaiii stationary, thus indicating that it has reached its point of 
aiongation. The peep-sight will now be secured in place by a 
clamp or weight, with its exact position marked on the rest. Now 
defer all further operations until the next day. 

The next morning place a slender flag or ranging pole at a 
distance of 200 or 300 fiH.»t from the peep-sight, and exactly in line 
with the plumb-line. Next carefully measure this distance, and 
take from the table (page 130) the azimuth of Polaris, corresponding 
to the latitude of the station of observation; find the natural 
tangent of this azimuth, and midtiply it by the measured distance 
from the ]peep-sight to the rod. The product will express the 
distance to be laid off from the rod, exactly at right angles to the 
direction already determined — that is, to the west for eastern 
elongation, and to the east for western elongation; and this point 
with the peep-sight, will define the direction of the meridian with 
sufficient accuracy for the needs of local surveyors. 

The position of the pole star may be found by means of the 
two stars /8 and a in the bowl of the ''The Dipper' (Fig. 68), whicli 
are called the "jointers" Ix^cause of their pointing approximately 
to the i)ole star. 

THE TRANSIT. 

Construction. The transit is ustxl for measuring horizontal 
and vertical angles directly, and for measuring bearings indirectly. 
It consists of a tt4escope mounted in standards attached to a divided 
horizontal plate, the telesco^x? serving to define accurately the line 
of sight; while the horizontal plate, divided into degrees, minutes, 
and twenty or thirty seconds of arc, makes it possible to measure 
small horizontal anglers. Th(^ instrument is i)rovidiHi with a three- 
or four-screw li»veling ba8<% by means of which it is attached to 
the triiKxl. 

The telescope is similar in construction to that of the Wye 
level, but is shorter and of less magnifying power, a power of from 
21 to 2f> diameters Ix^ing about the av(^rage for the ordinary transit. 
Tlio (*ye-x)iece may be either inverting or erecting, but the former 
is to he i^referrcKi. 

Since the principal function of the transit is to secure align* 
ment, the teltiscoixj must be capable of movement in a vertical 
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plane, and to that end is 8upix)rtiHl in the standanis by a transverse 
axis, permitting the telescojxi to bo '^transited," that is. turned 
through a complete vertical circle. 

For measuring horizontal angles the instrument is arranged 
with an upper and a lower motion, sometimes called the upper and 
the lower "limb." The lower limb is supported by the leveling 
base by means of a hollow conical axis; and into it is fitted, in turn, 
the conical axis of the upper limb. Each limb may be tumc^l 
independently of the other, or they may be clamped together and 
to the leveling base. The lower limb carries the divided circle 
and the upper limb the vernier. For ordinary purposes th(* 
circle is divided to one-half degrees, and reads to single minutes 
by means of the vernier. It may also be divided so as to read 
to 20 or 30 seconds, and occasionally to 10 seconds. The divisions 
of the circle, however, should not be so crowded as to render the 
reading difficult, and the graduations should be i3roperly adjusted 
to the magnifying power of the telescope. 

The verniers may be set at right angles to, or parallel with the 
line of sight, or at 30° thereto. With the verniers parallel with 
the line of sight — that is to say, directly unde^r the telescoix? — or 
making an angle of 30° with the line of sight, the observer 
can read the angles without moving from his i)osition, tlioreby 
avoiding the risk of disturbing the instrument by walking around 
it. See Fig. 69. 

For leveling the instrument, there are provided two lev(»l 
tubes set at right angles to each other. These are shown in the 
figure. One of them is attached to the uijper plate, while th(> other 
may be attached either to the uppt»r plate or to ont» of th(» st^mdards. 
On accx>unt of lack of sjxace these level tubes are quite short. 

The four-screw leveling base may consist of two x^irallel i)lat(»s 
connected to each other by a one-half ball and sock(»t joint, 
or the upper plate may be n^placed by a ribbtnl casting. Tlu* 
four leveling screws rest in cups uix)n the lower i)late and 
extend through the upjXT jJate or casting. Tlu? leveling base* 
is attached to the instrument proper, and th(» whole is attacluHl 
to the tripod by screwing to a casting firmly fittacluHl to the* 
legs. The vertical axis is furnished with a li(K)k, to which may 
be attached a plumb-line for the accurate^ centering of tin* instru- 
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iDtfiit. A shifting renter is also proridcd. hy meansot which, aft^r 
th(^ instnimi.-Dt has ber-n ai^Mosimately centered over n stake, it 
tniiy he accurateiy adjusted by looeening the leveling screws and 
sh ifting the instromont npon the lover leTeling base. See Fig. ti9. 




Fig. (19. 

The three-screw leveling base is necessarily larger and clifTers 
in kletfiil from the four-screw. The upi)cr plate carrying the screws 
is pciroanently uttaohed to the instrument; and the lower ends ot 
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the BoreWB rest upon the triiwd casting, to wliic-h it is attached by 
a single center sfrew fittetl with a strong spiral spring that engagts 
njion a ihriful cut npou the vertinil axis of the instrument. See 
Fig. 72. 




The four-screw base coDinieuds itself from the fact that it can 
qaickly be leveled approximately; and, no niatler liow much the 
thivndsare worn, the iiistnnnent can bi' bronght to a Knlid bearing. 



oo,w.i- 



fl 
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The three-screw base, however, is more easily manipulated, aiitlall 
danger of binding the screwB and springing the plates is obviati'd. 
Whichever type of instnimenl is preferred, the screws should work 




^fmM 



Fig. 71. 

smoothly and evenly, and the pitch should bf adjusted to the 
sensitiveness of the bubbles. 

Most transits are fitted with a cuuii^ass set in Ihe npijer plate 
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Fig. 72. 
botween the stnutlords; but for city work, trifintoil'itioii. ftc, the 
cumposs is lUspunsLtl with. 
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Fur mfraearing rertical angK-^. the transit is fitted with a 
Tertieal arc or (.■ircic divi'Icd osoally to o«e-lialf ilegrees, and 





Fig. 7a 
reading to single minutea by the vt-rnier. A level tube may also be 
attu<;htHl to tlie utiiler eido of the telescopic; and when this is 
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provided the transit may be used a.s a leveling instrument. 
A striding level resting upon the stiindards mny also btj provided, 
by means of which the instrument can be more aecmrately leveled 
than by the short levels uix)n the uppt^r limb. See Fig. 70. 

The telescope should always be providt^l with stadia wires, 
either fixed or adjustable, though the? former are preferable. See 
article on "Stadia." 

The gradienter screw is a device attachcnl to the clamp of the 
telescope, by means of which grades can be (established, and 
horizontal distances, vertical angh»s, and ditfen^nces of level can Ix^ 
measured with great rapidity. See article on "Gradienter" in 
Part III. 

Surveyor's Transit. This instrument is the plain transit, 
capable usually of measuring horizontal angles only, but occ^ision- 
ally fitted with a vertical circle or arc for measuring vertical angles. 
See Fig. 69. 

Engineer's Transit. When the instrument is providwl with a 

vertical circle or arc, a level underneath the telesco^x*, with or 

without gradienter screw, it is called the engineer's transit. See 

Fig. 70. 

Tachymeter. This term, meaning rapid meaHun'r^ has of 

recent years been applied to an instrument having a level attaehed 

to the telescope, a vertical arc or circle, and stadia wires. Such 

an instrument is iKliipted to the rapid hx^ation of ix)ints in a 

survey, since it is capable of measuring Way thnn* co-ordinates of a 

point in 8X)ace, L <?., the angular co-ordinatvs of altitude and 

azimuth, and the radius-vector or distance. The eonix)ass and 

gradienter are auxiliaries in th(^ measun^ment of angles; and an 

instrument having them in addition to tlie essential filatures 

mentioned above, is more ix?rfectly adapt(Kl for tachynu^tric work. 

See Fig. 71. 

Theodolite. This term is applic^l to an instrument so con- 
structed that the telescope will not transit, but, in onler to lake 
backward sights, the telescope must bii lifted out of its supi)orts 
and turned end for end. See Fig. 7H. 

Transit-Theodolite. This name is applieil to an instrument 
in which the telescoixj not only can Ix; transited, \n\i also lifted 
out of its Bupports and tunuxl i»nd for i?n(l. See Fig. 72. 
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Adjustment* When used merely as an angle-measurer, the 
following adjustments should be tested and, if necessary, corrected: 

1st. To O'Scertaln If the htthhle tubes are perpendicular to the 
vertical axis of the instrument. 

To test, attach the instrument to the triixxl and *'set up" firmly 
on solid ground, preferably shadwl from sun and wind. Revolve 
the transit upon its vertical axis so as to bring the bubble tubes 
l>arallel to a jxiir of diagonally op^xjsite leveling screws. Bring the 
bubble of one of the tubes to the center by means of these screws. 
Do the same with the second bubble tube. Adjusting the second 
tube will throw the first one out, but rejx^at the alternate operations 
until each bubble stands in the center of its tube. No\^ revolve 
the instrument u\yon its vertical axis through 180°, and note if the 
bubble of each tube still stands in the ctMiter. If so, the tubes are 
in adjustment. 

If the bubble of either tube rmis to one end, bring it half-way 
back to the center by raising the opix)site end of the tube by means 
of the capstan-headed screw. Relevel the instrument by the 
leveling screws, and again test the tubes. Re^x^at the operation, 
until the bubbles stand in the centers of the tubes in all positions of 
the instrument. It is advisable to carry out this adjustment as 
precisely as ix)ssible, as it will facilitate the remaining adjustments. 
If after several trials, it is found iuii)ossil)le to adjust the bubbles 
to the centers of the tubes, either the vertical axis is bent or the plates 
are sj^rung, and the instrument should be sent to the maker for 
correction. If one tube adjusts and tlie other does not. the fault is 
in the tub(% and a new one should be onl(irwl. 

2d. To make the line of colli mat ion revoloe in a 2>lane^ or^ 
in other worch^ to make the line of colli mat ion perpendicular to 
the horizontal axis of the telescope* 

To test, having made the first adjustment, level the instrument 
carefully and clamp the up^x^r limb. Driven a stake into the ground 
about 300 feet ahead of the instrument, and drive a tack in the 
h(*fid of the stake. By means of the lovv'er motion rtjvolve the 
instrument on its v(»rtical axis initil the intersection of the cross- 
hairs approximately covers th(? tack. Now chimp the lower motion, 
and carefully adjust tht? lin(^ of sight uxxju tlu* tiick by means of 
thii lower tangent screw. Without disturbing either the upper 
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or the lower limb, transit the telescoix?, that is, revolve it vertically, 
and sight to a tack in the head of a stake driven into the ground 
about 300 feet be/tind the instrument. Carefully adjust the t«ick 
to the intersection of the cross-hairs. Now unclamp the lower 
motion, and revolve the instrument upon its vertical axis until the 
intersection of the cross-hairs again covers the tack in the first 
stake. Clamp the lower motion, adjust the line of sight carefully 
by means of the tangent screw, again transit the telescope, and 
sight in the direction of the second stake. If the intersection 
of the cross-hairs falls uix)n the tack in the second stake, the line 
of collimation is in adjustment. If it doc^s not, it will have to 
be adjusted. 

In Fig. 74, A is the ix)sition of the instrument, and B is the 
forward stake. If the instrument is in adjustment, the line of 
sight after transiting the telescojpe and revolving upon the vertical 
axis should strike the point B'. If the instrument is not in 



B 



Fig. 74. 

adjustment, the line of sight after transiting the telescope will 
in the first instance strike some i)oint as C. Drive a stake at this 
point and carefully center a tack. After revolving the instrument 
upon its vertical axis and again transiting the telesco^x*, the line 
of sight will fall at a point C ' as far on one side of B ' as C was 
on the other. Drive a stake at C ' and carefully center it. Carefully 
measure the distanctj CC; and center a stake at B', half-way 
between the two points. Now, by means of the cai)stan-head(Ki 
screws attached to the diaphragm carrying the cross-hairs, move the 
croBS-hairs until their intersection cx^vers the ix)int B", midway 
between B' and C Now repi^at the ojx^ration of testing the 
adjustment and correcting the jxDsition of th(j line of collimation, 
until the points B and B' are in the same straight line. 

It is necessary only that the line of collimation shall be 
accurately in adjustment; but for convenience in using the transit 
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as an angle- measurer it is desirable that the vertical cross-hair be 
at riglit angles to the horizontal axis of the telescope when the 
instrument is level. * 

To test this, set up the instrument at some convenient point, 
200 or »300 feet from a wall, tree, or other convenient object, upon 
which a ix)int is cl(»arly defined by a tack or otherwise. Carefully 
level the instrument, and covct this point accurately with the lower 
extremity of the vertical hair. Clamp the horizontal axis of the 
telescoix*; and by means of the tangent-screw slowly move the 
telescoix"! in a vertical plane, and note if the hair continues to cover 
the jxjint from oncj extremity to the other. If it does, the hair is in 
its proixir position. If not, loosen the diaphragm screws and turn the 
diaphragm vertically until the hair covers the point from end to 
end. This adjustment will disturb the last one and the two must 
be tested and corrected alternately until in perfect adjustment. 

If the transit is to be used for leveling, it is necessary that the 
horizontal cross-hair Ix* in tlie optical center of the object glass. 

To test, set the instrument up firmly 200 or 300 feet from a 
wall, treti, or other convenient object, and, after leveling, carefully 
center the intersection of tlie cross-hairs \x\yoi\ a well-defined point. 
Clamp the axis of the t(»lescoix», turn the instrument upon its 
vertical axis through 180"", and canifully center a point upon 
the intersection of the cross-hairs in this new position. Clamp the 
vertical axis, luiclamp the ti^lescope axis, transit the telescope, and 
carefully center the intersection of the cross-hairs upon the first 
ix)int. Now clamp the telescoi)e, loosen the vertical axis, and again 
revolve the instrument through 180°. If the line of collimation 
again strikes the second ix)int, the horizontal cross-hair is in 
adjustment. If not, carefully center this third point, bisect the 
distance between the second and third points, and move the cross- 
hair diaphragm until the intersection of the cross-hairs covers 
this fourth point. This adjustment will disturb the last two, and 
the three must be repeated in succession until accurately adjusted. 

3d. To make the horizontal axis of the telescope perpendic- 
tdar to the vertical axis of the instrument. 

To test, set up the instrument as explained for the last adjust- 
mcMit, and, afU^r levelling, center carefully a ]x>intat each extremity 
of the horizontal cross-hair. Turn the instrument upon its Tertical 
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axis aud tninsit the telescope, bringing one extn^nity of the 
liorizontal cross-hair upon one of the ix>ints ijreviously cstablishtMl. 
If the other extremity coincides with the second point, the axis of 
the telescope is in adjustment. 

If the axis is out of adjustment, the method of proc^edure is 
best illustrated by Fig. 75. 

A A ' is the line covered between the extn?mitit»s of the hori- 
zont^d wire or hair when the axis of the teh»scoix^ is in adji'stment. 
If it is not in juljustment, the wire will in the first ix>sition of the 



Fig. 75. 

telescope cover the line A B, and in the second ix>sition the line 
A B'. Therefore bisect the distance B B', aud raise or lower tlie 
adjustable end of the telescope axis until the wirt» covers A A ' . 
Now repeat the test, and the correction if nect^ssary. 

4th. To ffiake the axis of the telescope huhhle t^'hi* parallel to 
the line of collimation of the teleseope. 

This adjustment should be ti»stwl and correctcxl by the '' p*g " 
method as follows: Select a piece of coiuiwrativcly level ground, 
drive a stake, "set up'' the transit over it, and carefully level by 

« 20^ 



< ■ 



150'- 



150' 



Fig. 76. 



the plate levels. Next drive two stakes into the ground, one in 
front of the transit aud the other at the sanu; distance Ix^hind it. 
In Pig. 76,0 is the position of the transit, and A and B are two 
stakes, each 150 feet from C. D is a fourth st<ike behind B and in 
line with it from C. The transit being leveknl by tlie plate* l(»vels, 
bring the bubble of the telescope* tulx^ to the cent(»r of tlu* tubt\ by 
means of the tangent-screw attached to the horizontal axis of the 
telescope. Hold a level rod upon A, adjast the target to the 
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horizontal cross-hair, and note the reading. Unclamp the lower 
motion, turn the transit upon its vertical axis, and note the reading- 
of a rod held upon B. The dilBPerence of the readings of the rod 
held upon the two points will give the true difference of level, no 
matter how much the telescope level may be out of adjustment. 

Now take up the transit and remove it to the point D. 
Carefully level the transit by the plate levels, and again bring the 
bubble of the telescope tube to its center. Hold the rod upon the 
point B and note its reculing. Do the same at the point A, and 
take the diflference of the two readings. If the telescope level is 
in adjustment, this dilBPerence will be the same as found when the 
instrument was over the point C. Otherwise the tube is out of 
iidjustment and will be corrected as follows : 

Let X represent the difference of level of A and B when the 
transit is at C. 

Let y represent the difference of level of A and B when the 
transit is at D. 

Let z represent the difference between x and y. 

If y is greater than x, subtract z from the rod reading upon A 
for the transit at D, and set the target at this new reading. Re- 
volve the telescope upon its horizontiil axis, by means of the 
tangent-screw, until the horizon till wire accurately bisects the target. 
Now clamp the telescope axis, and bring the bubble to the center 
of the tube by means of the capstan-headed screw at one end 
of the tube. Again hold the rod upon B, and then upon A, and 
take the difference of their readings. If this difference now agrees 
with tlie true difference of elevation of the two points, the adjust- 
ment is complete. Repeat the operation as often as may be 
necessary. 

If y is loss than x, mid 2 to the rod reading upon A for the 
transit at D, and set the targ(»t at this nc^w reading. Bisect the 
target by the horizontal cross-hair as bt^fore, clamp the horizontal 
axis, and bring the bubble to the center of the tube. Test and 
rejDeat as described before. 

Some transits are i^rovided with an adjustable vernier to the 
vertical circle or arc, whicli should read 0° when the telescope is 
horizontal. The former adjustment having been completed, the 
vernier can then be readily fixed in j^lace. 
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The cross-hair intersection should be in the center of the field 
ot vision of the eye-pit»ce, and this adjustment may be made by 
means of the capstan-head screws attached to the eye-piece tube. 

To "set up" the transit. Lift the instrument out of the 
box by placing the hands underneath the plates. Avoid lifting it 
by the telescope or the standards. In attaching it to the triixxl be 
careful that the threads engage properly, and screw it down firmly. 
Examine the tripod legs, and see that they are projjerly attached 
to the trixxxi head, neither too tight nor too loose. St?e that the 
tripod shoes are tight, and, before taking up the instrument, 
lightly clamp all the movable parts to prevent unnecessary wear 
and straining. Carry the instrument in the most convenient way, 
taking care not to hit it against trees, lamp-posts, doors, etc. 

To center the transit over a stake, rest one leg of the trixxxi 
upon the ground, and, grasping the other legs, pull the instrumiMit 
in the proper direction to cover the stake. Now attach the plumb- 
line, and after bringing it to rest as close to the top of the stake 
as possible, note if the point is directly over the ix)int in the 
stake. If it is not too far oflf the center, it may be brought 
closer by forcing the opposite leg into the ground or by a further 
spreading of the legs. After the instrument has been api)roxi- 
mately centered, it may be accurately adjusted by means of the 
shifting head. The o^xTation of "setting up" is difficult of 
description, and facility ciin be attainc^l only by practice. Avoid 
having the plates too much out of level, as tliis will n»sult in 
unnecessary straining of the leveling screws and plates. 

Having centered the instrument over the stake*, level it up by 
the levels upon the horizontal plate. To do this, turn the 
instrument upon its vertical axis until the bubble tubes are 
parallel to a jxiir of diagonally opix>site plate-screws. Now, as 
you stand facing the instrument, grasp the screws between the 
thumb and forefinger, and turn the thumb of the left hand in the 
direction the bubble must move. Turn both thumbs in, or both 
thumbs out. Adjusting one tube will disturb the other, but adjust 
each alternately until the bubble of each remains in tlu* center. 

To measure a horizontal angle by means of the transit. 
^ Set up the transit over the ix)int C, Fig. 77. Set the verniers 
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to read 0°, iiiid claini) the uj^per limb. Now revolve the transit 
upon its vertical axis by the lower motion, and sight to A. Clamp 
the lower motion, and accurately adjust the intersection of the 

cross-hairs to the iK)int by means of the 
lower tiuigent-screw. Now miclamp the upper 
limb, and turn it upon its upper vertical 
axis to the ix)int B. Clamp the upper limb 
and adjust th(^ line of sight by the upx^er 
Fig. 77. tang(»iit-scn»w. Thi^ angle will now be fomid 

recortled upon tlie horizontal circli*. If it lx*comes ntK^essary to 
r(»ix»at the angle, loosen the lower motion, and, without disturbing 
the upper plate, turn the instnmient back to the point A. Next 
clami> the lower motion, loosen the upper, and turn the telescope 
to the ix>int B. The sum of the two UK^asured angles will now be 
found recx)rded uix)n the horizontal circle. Repeat as often as 
necessary, and divide the totid horizontal angle by the number of 
repetitions for the X)robable value of the angle ABC. 

The o^jeration of laying off a certain angle is essentially the 
same as the preceding, t»xcei)t that after the point A has been 
centered and the required angle laid off ujx)!! the horizontal circle, 
the tiick in the stake B must be moved back and forth until it is 
accurately c(»utered at the intersection of the cross-hairs. 

To survey a series of lines by means of the transit. ''Bet up'' 
the transit over the ix>int A, Fig. 78, and make the verniers read 
0"". Have the north end of tlu^ i>late ahead ^ that is, in the 
direction of the survey. If a true meridian line has previously been 
laid out, the declination of the^ 
neiHllo may be determined from it. 
Without disturbing the ui)1xt 
jjlate, turn the transit u^xin its 
lower motion, and center Vi\yoi\ B. 
Lc»t the . needle down ujpn its 
X)ivot, and as soon as it has come 
to rest take the bearing of the line ^^^^' '^^^ 

AB. To measure the length of the line, hold one end of the tape or 
chain directly und(*r the ^\i\i of the plmnb-bob, and send the head 
man in thculirection of B. As ht» reachi'S the end of his tape, 
X^laci* him accurately in line by the vertical hair. For this purpose 
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the telescope should be turned iu a vertical iJane to bring the 
intersection as closely as possible to the top of the stake. Now 
repeat this operation until the point B is rt»ach(Kl. Move the 
transit to the point B, and set it up as bt^fore with the north end of 
the plate ahead. Transit the telesco^x*, and examine the v(»niiers 
to see if they read 0". By means of the lower motion, center upon 
A, lower the neeclle, and take the Ix^aring. Now chtnip the lower 
motion, transit the telescoix*, and revolve the upjxT platt* so tin? 
telescope ix>ints to C. Read tlie angh% which is that betwi^en A B 
produced and B C, Also read the b«»aring from i\m com^iiiss. Now 
measure B C as explained befon*, t^ike up thti instrument, and si*t 
it up at the ix)int C. Continue thus until the st»ri«»s of lines have 
been surveyed. 

The angles measurtnl are thos«» indiait*^! by tin* (lott^^l liiirs 
(Fig. 78), and are called deflection angles. 

It is desirable in work of this character to calculate thr lj<*aring 
or azimuth of a line from the deflection angh», and to check tlu* 
result by the compass. Referring to the figure*, the* n^conls of the 
survey will be kept as follows, using the* left-hand iwig*' of the 
transit or fi<4d book and starting from the? bottom of th«» iwig<*: 



STATION. 


1>I8TANCP- 




DKFLKCTION. 


COMPASS. 

S52 45' K 


i)Ki»r(Ki) 


LKI-T. KKJHT. 
52 0' 


MKAKrNCJS. 


7 :-&■> 


275 1 


S52 30' E 


5 : :J0 


205 


51 


()• 


X75 15' K 


\75 .'10' K 


2 -{- 90 


240 




. :n :io' 


s:»:{ 45* K 


S5:{ :»)' E 





290 






S«5 E 





It is not absolutely ntHM»ssary iii the mcthcHl described above, 
that the veniiers should b«) set to rrad O'^ before aligning the 
instrument, provided that the verniers are n»ad lj<'fon» turning oil" 
the angle. For instance, if the verniers read lO"" 15' after the 
instrument is set up over a staki^ and after sighting along a c(Ttain 
line, read 60® 15', the angle b« 'tween the two lines is the diff(»r(Mice 
of the reading of the verniers, or 20°. 

As already explained under "the comiwss," the direction of a 
line may be given by its azimuth. If azimuths are conixnitc^l from 
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the north to the right through 360**-, the azimntho for the preceding 
case will be as follows, as illustrated by the diagram: 

Since the bearing of the first line A B (Fig. 79), given by 
the compiiss, is S 85° E, its azimuth will evidently be the diffen»nce 
between 180° and 85°, or 95°. Since the second line B C 
deflects to the right by 31° 30', its azimuth will evidently be the 
sum of the angles 95° and 31° 30', or 126° 30'. Since the third 
line C D deflects to the left 51° 0', its azimuth will be the differ- 
ence of the angles 126° 30' and 51° 0', or 75° 30'. The fourth 
line D E deflects to the right 52° 0', and therefore its azimuth will 
>H^ the siun of the angles 75° 30' and 52° 0', = 127^ 30'. 
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The same di^igram may serve? to illustrate the method of 
deducing the bi^arings of a series of lines from the deflection 
angles. Since the bearing of tlie first line as given by the compass 
is S 85° E, and the second line deflects to the right 31° 30', it is 
(»vident that this second line decreases its easting by that amount, 
so that its lx»aring will be the difference between 85° and 31° 30', 
= S 53° 30' E. Since the third course deflects to the left by 51° 
0', its bearing to the east will be increased by this amount, but will 
imss into the northeast (piadrant by 14° 30', making its bearing 
90°— 14° 30', = N 75° 30' E. The fourth course deflects to the 
right 52° 0', returning to the southeast quadrant by 87** 30', 
making its bearing 90°~37° 30', or S 52° 30' E. 
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Traversing, This is a method of obsening and recording the 
directions of a series of lines of a sur\'ey, so as to read off, uix)u 
the horizontal circle, the angles that the lines make with some 
other line of the survey, which may be either a true meridian or 
some line adopted as a meridian for that survey. 

Before starting out upon a traverse, it is best to lay out upon 
the ground a true meridian, either from observations on Polaris or 
by means of the "Solar transit," as will be explainiKl later on. This 
line should be 300 or 400 feet in length, clearly defined by stakes 
carefully centered, one of the stakes preferably being the first 
station of the survey. The transit can now be set over this stake, 
and the line of sight carefully centered upon the second stake by 
means of the lower motion, the verniers first liaving been set to 
read 0°. The subsequent operations can best be illustrat(Hl by a 
diagram. 




Fig. 80. 

First lay out a meridian through station 1 (Fig. 8 )), and 
define it by a stake driven 300 or 400 feet away towards N. Both 
of these stakes should be carefully "witnessed," that they luny be 
recovered at any time. To Ix^gin the survey, carefully ct»nter the 
transit over station 1, with verniers S(»t to zero; turn the instrument 
upon its lower motion until the line of siglit approximately 
covers the stake at the north end of the meridian, and carefully 
center it by the lower tangent-screw; lower the compass needle (if 
there is one), and note and record the magnetic d(»(*lination. Ni»xt. 
with the lower motion securely clampi'd, unclamp t]w upixT motion. 
and revolve the upper plate in the din^ction of stntion 2. Claiiip 
the upper motion, and carefully center the lint* of siglit by the 
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upper tangent-screw. Note and record the angle upon the plate, 
which will Ix* the azimutli of the line 1 2. Measure the distance 
from 1 to 2, and note and record the compass bearing as a check. 

Now, with the upjXT motion s(»curely clamped, remove the 
transit to station 2; and carefullv center it over the stake with the 
north end of the plate ahead, that is, in the direction from 1 to 2. 
Transit the telescojx?, unclamp the lower motion, and bring the 
line of sij^ht to a)ver station 1. Carefully center it by the lower 
tangcnt-scn'w. Clanij) the lower motion, transit the telescope, 
unclamp the u|)jx'r motion, an<l n^volve the upper plate until the 
line of sight falls ufxm station 3, cjirefuUy centering it by the upper 
tangi»nt-scn'w. Read antl record the plate angle, which will be the 
azimuth of the line 2 3. Measure the distance from 2 to 3, and read 
the bearing of the needle for a check. 

Now see that the upjx^r {)late is securely clamped, move the 
instrument to station 3, and pnictHxl as l^efore; and so on thiou^- 
out the traverse. 

In the above example (Fig. SO), since the first line is in the north- 
east (|uadrant, its bearing N. 3S° E. will be the same as its azimuth 
(38®), and this angle is recordeil upon the plate. The second line, 
however, passed into the southeast ({uadrant, and its azimuth will 
lu' rewrded ujkmi the plate as 3S° + 81°, or 119°. Its bearing, how- 
ever, will l)e S. (n° E. The azimuth of the third hne will be 38° + 
Sl°-23°, or 0()°. Its bearing will be S. S4°E. In a similar 
maimer, the In^aring of the fourth line may be deduced from the 
azimuth as shown up)n the plate. 

Fig. SI illustrates a traverse In^ginning in tlie southeast quadrant. 
The hearing of the first line is S. 41° E., and therefore its azimuth 
will i>e 1S0° - 41° - 130°. The bearing of the second line will be 
S. 73° E., and its azimuth will \\e 107°; and so on with the remaining 
courses of the traverse. 

Hy a similar pix)ccss of n^asoning, the azimuths of courses in 
the southwest and northw(\st (piadrants may 1m» deduced from the 
Ix'arings, an«l ricr trrsa. 

\\v then'fon^ establish the following rules: 

(<i) Coursea in northeast (iua<lrant — Azimuth = Bearing. 
i^h) C'oiirsos in southeast <iua<lrant— Azimuth = Supplement of Bear- 
ing. 
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(<■) Courses in southwest quadrant — Azimuth^ Isih — lii'itriii^. 
(J) Courses in northwest quadrant — Azimuth ^ 'M\{)° Hfariii^. 
Bearing north: Azimuth = 0** or .S00°. 
east: ** - 00°. 

" south: " = IS<)°. 

" west: " = 270°. 

For convenience in determining azimuths, the inside ^nuhiation.s 
of the horizontal circle nuiv l)e nnnilHTe<l fnim 0® in .*5(iO° to the 




right, beginning at the north end; and the outside graduations from 
0® to 3C(y^ to the right, l)eginning at the .south end. 'I'hen kwping 
the north end of the plate ahead — that is, in tlie direction of the 
traverse — for a traverse l)eginning in either the northeast or north- 
west quadrants, azimuths will \>e. n»conled dirt»ctly ujKin the plate 
from theinside graduations; and for a traverse* beginning in either the 
southeast or southwest quadrants, azimuths will Ije reconled directly 
upon the plate from the outside graduations. 

Traversing is particularly 2tdapte<l to sur\'eying roads, streets, 
railroads, shores of lakes, river banks, etc.; and in land sur\'oying it 
possesses an advantage over the metho<l by interior angles, on account 
of the readiness it affords in obtaining the tarings fn)m the azimuths, 
and the greater rapidity with which the work may Ih' platted, since 
the angle which each line makes with the assume<l meridian or refei^ 
ence line, may be taken at once from the field notes. 

In United States government sur\'eys, when a tni verse is nm to 
maik the divisions l)etween private estates and Inxlies of water 
retained as public property, it is called a meander line. 
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Keeping Notes. All notes of meiisurements of angles and dis- 
tances should be reconled as soon as made, in a special notebook 
adapted to the purpose. Avoid the practice of making notes upon 
scraps of paper and in small pocket notebooks and of filling in details 
from memory. The notes will probably be used by other persons 
unfamiliar with the locality, for platting and for general information, 
and these persons must depend entirely upon what is recorded, and 
how^ it is recorded, for their interpretation. To this end the notes 
should be clear and concise, yet full enough to give all necessary 
information. They should permit of only one interpretation, and 
that the correct one. 

The note keept»r should bear in mind constantly the nature of 
the survey and the object to l)e attained, and this \i'ill enable him to 
determine what measurt»ments are necessary. Do not crowd the 
notes. Use the left-hand page of the lKX)k for notes, and the right- 
hand page for such sketches and remarks as may be necessary. The 
record is usually made w^ith a pencil, using a medium hard grade. 
If incorrect entries are made, erase them neatly; but avoid errors as 
much as possible, as too many erasures tend to discredit the work. 
After each notebook is filled, lal)el it with the subject of the survey, 
the dates between which it was recorded, and all other information 
that may be of service in filing for future reference. Above all, do 
not lose a notebook, as it may contain information that cannot be 
recovered at any price. 

Referring to Fig. 80, the notes would be entered in the record 
as follows: 



"— — - - 


Distances 

220.00' 
225 . 00' 
235 . (X)' 
190.00' 


Dkklk 


CT10N8 

Lkft 


Azimuth 




Station 


Right 


Needle 


1 
2 
3 
4 


38** 00' 
81** 00' 


23** 00' 

40° 00' 

1 


38** 00' 

119** OO' 

96** 00' 

56** 00' 


N. 38** OC E. 
S. 61*»00'E. 
S. 84** OC E. 
N. 66** W E. 



Figs. 82 and 83 illustrate the method of keeping notes by means 

of sketches. 

Checking the Traverse. For an ordinary survey not involving 
unusual precision, a transit reading to single minutes will be sufficient. 
A single measurement will onlinarily give the angle with sufficient 
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accuracy; but should a check upon the measurement l)e deemed 
necessar}' the angle may be ''repeated" as explained on page 109. 

As a further check against errors in angles, the magnetic bearing 
of each line should be read, showing the approximate directions of 
the lines, and by comparison with the azimuths or the deduced bear- 
ings, will serve to point out gross 
errors, as for instance reading right 
for left when measuring deflec- 
tion angles. This check upon the 
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Fig. 82. 
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angles should always be applied in the field, so that errors may Ix* 
rectified before leaving the work. 

If the traverse involves a closed area, the accuracy of the transit 
work may be tested by adding together all of the measured angles. 
The sum of the interior angles should etjual in~2) X 1S0°, n being the 
number of sides of the field. For the deflection angles, the sum of 
all the deflections to the right should (lifter from the sum of all the 
deflections to the left by 360®; that is to say, the algebraic sum of the 
deflection angles should be 360®. 

It is sometimes desimble to chock the lengths of the courses 
before leaving the field. If there is any reason to question the accuracy 
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of tlw- mea.^MivriR-iit *,{ any lint*, ii ^hotibl lie mfa^un^tl, prvferuWy in 
the opposite riiref.'tion. In a ckrsefl traverse, it is well to run diagonal 
lines across the traverse a.s an additional dieck upon both the angles 
and the measurefl distances. 

For city work, the enorineer should lav out a true meridian 
ijOO or -KH) ft-et lorjcT. and mark the extremities of the line by per- 
manent monuments set in the ground and carefully protected 
from distnrljance. To do tliis, in some convenient place permit- 
ting an unobstructe^i line of si^ht. drive a large stake, and mark 

its center by a hollow-headed tack. 
Center the transit carefully over 
this point, and proceed to lay out 
a true meridian, preferably with 
the solar attachment. Mark the 
direction of this line by a second 
stake carefully centered by a tack 
as before. Now, about 25 feet 
from the first stake, and in line 
with it and the second stake, exca- 
vate a hole in the ground about 
three feet in diameter and five feet 
deep, or deep enough to l)e Inflow the frost line. Next build a 
foundation of conorfte alwut two feet square and three feet deep. 
Before this has "set/' insert in it a cut-stone post about nine 
inches square at its lower end and of such length that its top will 
come just l)elow the surface of the ground, and having set into its 
top a co[)per bolt about J inch by 4 inches. The post may be 
centertnl in the concrete by the transit, and should be set "plumb.'* 
Now locate and build a second monument in line with the 
second stake and a few feet from it. After the concrete has set 
firmly, again set the transit carefully over the center of the first 
stake, and accurately align it by the tack in the second stake. Now 
"plunge" (reverse) the tolescoj)e, and carefully center a point in 
the top of the coppr bolt; mark this point with a steel punch. In 
tlu^ same way center a point in the top of the bolt of the second 
inonuintMit. The monuments may be protected by enclosing them 
in cast-iron valve-boxes with covers. Either one or both of tkeee 
monunients may 1)e used as "standard" bench-marks from which 




Fig. 84. 
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all the levels and grades may be ascertained. For this purpose a 
city datum may be assumed, or better, the l)ench-mark may l>e 
connected by a line of levels with a bench-mark of the V . S. Coast 
and Geodetic Survey, or, if such is not available, with a bench- 
mark of the nearest railroad. 

THE STADIA. 

Attached to the diaphragm carrying the horizontal and vertical 
hairs, are two auxiliary horizontal hairs call(»d *'stadia'' hairs or 
wires. These hairs may be either fixed in position or adjustiibh', 




Fifr. 8.-). 

but the fixed hairs anj the Ixdter fur fifld iiso and cost much li'ss. 
See Fig. 84. Any instrument-maker will ('([uip a level or a 
transit with either fixed or adjustiible stadia wires. i\ud they should 
lx> included in every outfit. 

The stadia is used for measuring horizon tnl distances nnd 
differences of elevation, without tlu^ use of chain or tcii)e orotlier 
a pi>aratus except the leveling t(h\ or a s^x^cially graduated stndin 
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rod. It is based upon the principle of the similarity of triangles. 
Thus, if the stadia hairs are spaced so as to int(?rcei^t om* foot uix)n 
a rod held at a distance of one hundred Uh% the rcxl interc(^])t 
for any other distjince will bt* in direct proj[K)rti()u to the first. 
See Fig. 85. 
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Unfortunately the construction of the telescoxx? of an enginetT- 
ing instrument modifies the above simiJe statement, and a formula 
for the use of the stadia will now be deduced. 

Let O in Fig. 86 be the optical center of the object-glass of 
the telescopic This point may be assumiHl at the center of the 
lens, and the error involved in such assumption is inappreciable 
and may be neglecteil. 

, Let SSi be a portion of the stadia rod covered by the stadia 
hairs CCi. From C and Ci draw the lines CSi andCiS through the 
oi>tical center of the object-glass. Upon looking through the eye- 
piece of the telescojx), C will be seen a^ at Si and Ci as at S. 




Fig. 87. 

Call i the distance between the statlia hairs, s the intercei)t 
uiXDii the rod, y the distance from () to the wires, and d the 
distance of the rod from O. 

The triangles COCi and SOSi arc? similar, and therefore we have 

th(» proportion 

i: 8 :: f : a 

f's 
therefore d = -^ — 

But/' varies with d. That is to say, if the rod were to be 
moved closer to the instrument, as at C2D, the lens would be moved 
farther from the wires, or the wires from the lens, and in either 
case the wire interval would intercept a shorter space upon the rod, 

as S2S3. The ratio - -. — , or its equal , will therefore vary 

» 

for each position of the rod. But however they vary, we have from 
a well-known principle of optics : 
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^- + -^=-^ (2) 

in which f is the principal focal distance of the lens, and f ' and 
d are any pair of conjugate focal distances. Substituting the 

value of . 7 from (1) in (2), there results the equation 

t/ = (s-Vf^ (3) 

Equation 3 gives the distance of the rod from the lens. 
We can establish some very inqxjrtant relations: 
In Fig. 87 lay oflf OP' = OF = principal fooal distance of 

lens =y. 

and Ci being the stadia winis, draw C D and Ci E parallel to 

the axis of the lens, and through F' draw D Si and E S; then will 

S Si = the intercept upon the rod. 

The distance of the rod from the ix)iut F' is 

From the similarity of the triangles EF'O, SF'B and S-jF'B', we 
have: 

F'O :0E :: F'B : BS :: F'B' : B S,. 
Therefore the points S, S2, F', and E lie in the same straight 
line; and therefore, wherever the cross-hairs are situated, or, more 
strictly, whatever may be the i)osition of the lens, tlie visual lines 
defined by the stadia wires will intercei^t the elements of the cone 
of light defined by SF' Si. 

All distances must be measured from the center of the 

instrument; and therefore to the* exx)r('SBi()n d -- * . .v +/ must Ixi 

added a quantity that will represent the distanci* from tlui center 
of the lens to the plumb-line. This quantity is variabli', of course, 
but an average value is usually taken. Call this (quantity r. The 
quantity /may be found by focusing the instrument on a star, and 
measuring the distance from the center of the lens to the cross- 
hairs. We can therefore detennine the (quantity /'+ <'- This, 
however, is usually supplied by the instrument-maker, and with 
greater precision. 
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The complete equation, therefore, for any distance measured 
with the stadia, is: 

d=X-s + (f+c) (4) 

If, then, upon level ground we lay off the distance f -{- c in 
front of the plumb-line, drive a stake, measure from this stake a 
distance of 100 or 200 feet, or any other convenient distance, and 

note the rod intercept, then in the formula rf' = . «, d' and s are 

f ^ 
measured, tind we can determine the ratio . ; or, if /"has been 

previously determined, we can determine the value / or the distance 

between the cross-hairs. 

f 
The ratio -~ being known, distances cjin be found from 

equation 4. It is usually most convenient to make this ratio 100, 
so that at a distance of 100 feet the wires will intercei)t one foot 
uxx)n the rotl. 

The rod may Ik; either an ordinary hoveling rod, or a st^idia 
rod divided sxx'cially for the telescoxxi and wires. When the rod is 
sxx)cially graduated, it may be in either one of two ways. Either 
it may be graduated so as to give the distance from F', in which 
case the quantity /*+ e will have to be added in each instance;" 
or it may be graduattnl to give distances from the center directly. 

If the rod is to be graduated sjx^cially, proceed as follows: 

Carefully level the line of coUimation of the telescope, and lay 
off from the jJumb-line the distance y + c. From the ix)int 
thus established measure off any convenient distance, as 500 fet»t, 
on a horizontal i)lane. Set \xi) the rod, not yet gradiuited, at this 
point, and hold it carefully xx^rix^ndicular to the line of sight from 
the telescojxi. This can lx»st be done by means of a plumb-line. 
Be careful to eliminate all i>arallactic motion of the wires on the 
rod, when the t^ye is moved u^j and down before the eye-piece. 

Mark on the rod xery carefully the apparent place of the lower 
wire. This should be about one-quarter the length of the rod from 
one end if the horizontal distance first laid off is about one-half 
the greatest distance for which the rod can be uscni. The middle 
wire will then be at about the middle of the rod, and the upi^)er 
one at about one-quarter the length of the rod from the other end. 
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Mark the latter point carefully. The wire iiittTval for a i^imcv of 
500 feet from F' has thus been found. Om^-fifth of this s^Kice will 
be the wire intercex)t at a distanee of liX) f(»et; twice tin? sixiee, 
the intercei^t for 1,000 feet; and so on. The intiTUicHliate si)iiees 
can thus be graduated. It must not be forgott(»n that in usin^ 
the rod thus graduated, the quantity f + c must be* addt^d to tlu' 
distance indicated by the rod, to hkIucc* i]w distanc(» to tlu* ci^iter 
of th(» instrument. 

If the nxl is to be graduatiMl to give distances from the center 
of the instnunent din^ctly, pnx^ecil as before, marking the si)iices 
uiynu t!nj rod corresiK>nding to thi» distaiu*es measured uiK)n the 
ground. The quantity f + <■ ^'iH ii<^>t now have to Ix* added 
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t^) the distance's given by the nxl; but for every iKiint nilicr llian 
that for which the rod is graduated, tlu* distance will be in error 
by some fractional pirt of /*-•■ r. The reason for tliis will b( 
ai>i)areut by referring to Fig. 87. If the* distance is less than 
that for which the rod was graduatinl, the rod readings will indicate 
too small a distance^; and for a distance gn*ater than the standard, 
the rod readings will indicate a distance* t<K) great. It is tluTefore 
more exact to mark the wire interval at KK) feet, 2<K) feet, and so on 
through the length of the rfxl. Each space thus deterniineil (*an 
be divided np as di^ircKl; and the error involved in any reading 
will then he much smaller than if tin* nxl wen* graduated for a 
single standard distance only. 
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Thus far the rod has been assumed as held perpendicular to 
the line of sight, which of course will always be the case when 
using the stadia in the leveling instrument. The stadia, however, 
finds its gn^atest usefulness in connection with the transit, when 
the line of sight is seldom horizontal. If, at the same time the 
rod intercei)t is read, the vertical angle is noted, differences of 
elevation may be determined, as well as the distances. 

A formula will now be deduced for rtnlucing inclined readings 
to the horizontal, and for determining differences of elevation, the 
rod being held vertical. 

In Fig. 88, let the angle of inclination of the line of sight to 
the horizontal plane be called BCN = FBD = I. This angle 
will be measured upon the vertical circle of the transit. If the 
rod be held ix^rpendicular to the line of sight, the intercept upon 
the rod = D E = ,?. Kej)resent the rod interc«i)t when the rod is 
htild vertical by « ' . Now since the angle P D B = 90° nearly, 

D E = F G cos I, or ^ ===.v' cos I. But C B = /-s + (f+ c) = 

f 

- . s' cos I + C/* + ^)- Therefore the horizontal distance to the rod 

== C B COS I = /s' cos^ I + (/+ c) cos I = C N. The vertical 

If 

distance of the xx>int B above the horizontal plane through the 

f 
axis of the telescoix3 = B N = C B sin I = ^ ^' cos I sin I + 

(/+ e) sin I = ^ -'C^' sin 21 + (/+ c) sin I. 

For vertical angles less than 5° the quantity (/"+ e) sin I is 
less than 0.1 (J* -\- c) and may be neglected. 

The Use of the Stadia in the Field. In using the stadia wires 
in level comitry, no special instructions are necessary, as the line of 
sight is at all times horizontal. Over very uneven ground, the 
use of the level and stadia is very limited. However, there are 
often conditions in which the stadia wires in a leveling instrument 
are a very great convenience. The range of the instrument may 
sometimes be increased by using the center wire together with one 
of the stadia wires, but the instrument shoidd be carefully tested 
to ascertain if the stadia wires are ecjually sjxiced with reference to 
the middle wire, 
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For exttiiided surveys over uneven country, the triiiisit ami 
stadia are particularly adapted, and especially for filling in dottiils 
of an extended topt^aphical suirey. The saving of tiuii^ ami 
expense are important elements in favor of the tninsit Jind stfidiii 
as compared with the transit and tape; and with a little practice 
and attention to details the results should be fully as acfiinitc. 
Certainly, when an engineer must depend U[X]ii unskiUf<l help to 
carry the tape, there can be no choice as to which to use. 

For use with the stadia, the transit should be providetl with u 
complete vertical circle, reading to minutes at least; and a level 
tube should be attached to the telescoix;. The eye-piece should he 
inverting. Before starting out uix>n a surv<;y, the transit should 
be carefully tested and corrected through all of its adjustments. 
The field operations are thtm as follows: 

Set Dp the instrument owr a principil stiition of the sun-ey, 
and level it carefully. If a solar attitehment is available, it will be 
deeirable to lay ont a true meridian, from which the declination of 
_ — - . the needle may l>e dcterinintil. 

Now d(.'termine the height of the 
cross-hairs by holding the stadia 
rod close to the side- of the 
instrument, and noting tlie height 
of the renter of the horizontiil 
axis of the telescoi)e. Lociite 
F[g. 89. the second station ejirefully, and 

turn the telescoix! uix>n the horizontal axis until flie center wire 
cots the division ujxjn the rod (held uikju the ground) representing 
the height of the axis of the instnim<-ut above tlie ground at the 
first station. Now determine the azimuth of the line eoiinccting 
the two stations, read tlie vertical angle of tin- IiOi'scoim', and 
determine the rod intercept. Enter these items in tlu' fielil Iwiok 
and proceed to take observations ujxm sub-stations (called 'side- 
shots"). 

The same prc^ram is to be repeated for each ease, exc^-x>t that 
the side-shots may or may not be taken n[x>n |x>iiits indicate<l by 
stakes. The principal stations of a stadia survey should 1h' 
pennaueut; the stakes should be driven, and "witnessed"' so as to 
bit easily reoovertid. 
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Having now located all the necessary wints from the first 
station, remove the instrument to the second station, and set it up 
with the north end of the plate in the direction of the survey. 
Having carefully leveled the instrument, determine the height 
of its axis as before, and send the rod back to the first station. 
Transit the t^^escope, and sight upon the rod as* before. Read 
vertical angle and stadia rod, and determine azimuth, and these 
will serve to check the former determinations. 

In moving frpm one station to another it is advisable to set 
the scale of the horizontal circle to zero. Transit the telescope 
again and locate the next st^ition; and soon throughout the survey. 

The princix)al stations of a stadia survey may have bec»n 
locateil by a previous triangulation, in which case it will probably 
be necessary to locate intermediate sUitions as the surv(*y 
l)rogresaes. Or all of tlie stations may be locatt»d during the 
l)rogress of the survey. The courses connecting the princix)al 
stations form the "backbone'' of the survey, and the azimuths 
and distances should be checked at every opix>rtmiity. 

In keeping the field nbti^s, represent the princiiial stations by 
triangles, as ^i A» ^s, etc.; and the si»condary sUitions by circles, 
as 01 ©2 ©8, etc. 

Below will be found an examx^Ie of the method of keeping 
notes. Use the right-hand ixige for sketches, or for such additional 
notes as may be necessary. 



i^ 



H. 1. 5. 15 



ELEV. KK). 



VKKT. 
AN(iLR. 



DIFPER- 

i<:nce. 



ELKV. 



fe 


1 


© 


2 


d 


a 




4 






A 


1 


<L 







6 








8 




2 



238 


s 


88^ 38' W 


57 : 3.9 


96.1 


265 


8 


57M1' W 


58'' - 4.6 


95.4 


236 


s 


49' 3 W 


:»' 


-4.6 


95.4 


237 


s 


32' 58' W 


_ 1- 7' 


— 4.6 


95.4 


261 


s 


0^ 13' W 


1-* 3' 


4.6 


95.4 


425 


s 


44^ 13' E 


0" 6' 


- 7.5 


99.25 


H. I. 475 


s 


135^ 41' B 








245 


s 


200" 23' W 


4-1" 57' 


-f 8.3 


107.6 


m) 


s 


204" 2' W 


-f 1-31' 


-f 7.9 


101.2 


:W5 


s 


203" 12' W 


4- 58' 


+ 5.8 


106.1 



Stadia Rods. Teh»ineti*r or stiidia nxls are made of clear white 
pine well s(»asom*d, alx»ut § of an inch thick, from 4 to 4j^ inches 
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widi', and from 10 to Ifi ftvt long, T)iey ar^; iimtcTttil Iiy a niit;i] 
ahoft to kfop thf lower t'ml from being biittenil or Kplil. Tin- roil 
is stiffened by having a piece 2J indies wide along its, biick. 
GeDerally a stadia rod is hinged at the cent<'r for greater con- 
venience in transportation, and at the same time it is providiil 
with a bolt on the back to protect the grailnalion ami fo liold it iii 
position when in use. 

A self -reading level rod may be usttl for distances it the wires 
are adjustable (b(hj Figs. 89 and 84), or if thi* win' interval has 



• Fig.W. 
been determiued in stiindard iniits. Tlie roils 
used in connection with this grade of work differ 
from those employed in ordinary Jtiveling. 
Those with graduations liave the inner siirfare 
recessed to protect the gradiiateil surface, and 
P«- 80. are painted white with the scale in black. Tin- '""'K- *^ 
forms of gradoation are different on different rods. In some, the 
unit of measure is the meter, while others have the foot, as will be 
described later. When telemeters are in use, they are op'n, laid 
flat, and held securely in line by the bniss clip (or bolt) above 
n'ferred to. They are sometimes provided with a targi't. 

In order to haye the rod held in a p'rfectly vertical ix^sition. 
a small teleaoope is sometimes attjiclied to its side, by means of 
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wliicli the roduiaii cnii tfll wlu^tlier tlu» rixl is in a vertical plane. 

Figs. 90 and 93, D, show two tyix^s of graduations siiitabli^ 
when* the meter is the unit. Fig. 93, D, has for many years IxM'n 
nstKl by the United St^ites Coast and Gi»od(»ti<* Survey as w(41 as 
by the United States Lake Sunvy. Tlie angh»s of graduation divide* 
tlie rod into two «»ntimeter inten'als. Fig. W shows the rod ustnl 
on the survey of the Mexican border. The graduation is apparent, 
and no further explanation ntHxl here \x^ givi'u. 

Figs. 92 and 93, C, are tyix^ suitable when* the foot is the unit. 
In Fig. 92 the width comprised between the en<ls of the ixjints divide* 
into five equal parts, the vertical black lin(*s taking up two of th(*se 
differences. The diagonal then gives one hundnnlth of a foot, and 
ix>nnits readings din*ct to single? ftH*t. Fig. \^l shows a plain 
rod without scale, and the unit is the foot. ( Masse »s A, B, C\T> and 
E, Pig. 93, belong to the n»siM»ctive sur\'eys as indicat<Ml. 
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PART III. 



THE QRADIENTER. 

Tlie vertical circle or arc of the transit or theodolite, under 
ordinary circumatances, furnishes the means of measuring the 
vertical angle through which the line of collimation is turned, or, 
on the other hand, of turning the line of collimation through any 
desired vertical angle. Much of the work of the engineer consists 
in Dieaanring slopes or grades, or in setting a line at a certain 
slope or grade; and the data are given, not in terms of the vertical 
angle directly, hat nsnally by the amount of rise or fall per 100 
feet. Thns, a rise or fall of 2 feet in 100 feet is designatt^d as a 
2 per cent grade; a rise or fall of 50 feet to the mile would be 
designated as a 0.95 per cent grade, etc. . The ratio of these two 
quantities, rise (or fall) to reach is evidently the natural tangent 
of the angle of slope; and before the vertical circle can be used for 
setting off sach slopes, the ratio must be transformed into degrees 
and minntes of arc. 

The tangent-screw of the horizontal axis of the telescope, 
without the aid of the vertical circle, provides the means of quick- 
ly and accurately setting off slopes directly, when the vertical 
angle does not exceed fifteen or twenty degrees. For this pur- 
pose, the ordinary tangent-screw is replaced by a line screw, with 
veiy uniform pitch and large graduated head, and also a grad- 
uated scale from which may be read the number of turns or double 
turns made by the screw. The graduated head iits friction -tight 
upon the neck of the screw, so that its index may be made to read 
zero when the line of collimation is horizontal; and it is usually 
divided into fifty parts, so that, after the number of double turns 
is read from the scale, it will give the number of fiftieths of a 
single turn, or hnndr^tha of a double turn. (See Fig. 1)4.) 

Let the distance of the screw from the axis about which the 
telesoope turns, be represented by I and the interval between 

Ctjf^r^U^ 2906; ^ AmtrkaH Sckoai of (Jorrttpomdencc, 
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the threads by t. If the screw is turned through one revolution, 
the lever AD (Fig. 04) is moved through the distance DE, and the 
line of colliniation through the distance BC, upon the rod PQ. 

Now, the tangent of the angle DAE = -- -^ = —aIF ~ "/"' ^^ 
this ratio, the maker of the instrument can give any convenient 

value, but it is customary to make it = -.wAii, and it will be so con- 

sidered throughout this discussion. 

If, then, the line of coUimation be directed toward the gradu- 
ated rod PQ, the space over which the line of collimation is 

moved for one revolution of the 

screw is -^.. . of the distance of 

the rod from the instrument; 
and the space upon the rod over 
which it is moved for two rev- 
olutions of the screw = -^ r^ = 

- of the above distance. If 




Fig. 94. 



100 



the screw is turned throutrh less than a single revolution, it will be 

indicated upon the graduated head, as, for instance, -p^v of a single 

7 1 7 

turn, the intercept upon the rod being jTr '^""onT) ~ 9 (K)A ^^ ^^ 

distance from rod to instrument — it being understood, of course, 
that the rod is held perpendicular to the line of collimation in its 
initial position. The index of the graduated head should read 
zero when the line of collimation is horizontal, and the reading of 
the scale of revolutions should be zero at the same time. 

The gradienter may be used as a telemeter, as a level, or 
simply as a grade-measurer, as will be explained in what follows. 

Call 8 the intercept upon the rod for any movement of the 
gradienter-screw, and d the distance from the instrument to the rod. 

If the number of revolutions of the gradienter-screw is known, 
whether 8 and d are known or not, the tangent of the angle of 
inclination of the line AC/ is known, and the instrument is a grade- 
measurer or gradienter. 
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If the space ^ and the number of revolutions of the frradienter- 
screw are known, the distance d is known, and the instrument is 
then a telemeter. 

If the distance d and the number of revolutions of the gradi- 
enter-screw are known, the space 8 is known, and the instrument 
then serves the purpose of a level. 

As a gradienter, the instrument may be used either to meas- 
ure the grade of a given line, or to lay out a line to a required 
f^rade. 

(1.) Let AB (Fig. 1)5) be the line whose grade is required. 
Set the transit up over the point A, and level carefully. Measure 
the height of the cross-hairs above the ground by holding the rod 
iK'sid© the instrument and noting the point upon the rod directly 
opposite the center of the horizontal axis of the telesc()j)e. Bring 

the line of colliination (^E hori- 
zontal by means of the bubble 
attached to the telescope (the 
instrument is supposed to be in 
adjustment), uiid set both the 
^^' indexes to zero. Now carry the 

rod to the j)oint B, and by means of the gradienter-screw turn the 
telescope in a vertical j)lane until the line of collimation strikes the 
jK)int Das far above B as ( ' was above A. Jsow count the number 
of full turns from the reading of the scale by the screw- lirad, and 
the numbiT of fractions of a turn from tlio (iividtd head. The 
former will give the rise (or fall) inftrt per 100, and tlio latter in 
hundredths of a foot. It must be renu^mbered that if the screw has 
made more than a whole turn ])ast the last number on the scale 
the reading of the head must be increased by lift v. 

Tims, if the reading of the scale is 8 and the reading of the 
head is 35, plus one whole revolution, the rise (or fall) per 100 
feet will bo as follows: 




3 double turns - - 


- - - :m) ft 


1 aingle turn - . ■ 


■ - - ().:)() ft 


3 5** • - - 

6 


- . - o.:j5 ft 



.'i.Sf) ft. 

So that the slojH) of (JI), which e(juals that of Al>, is therefore 
3.85 per cent. 
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EXAMPLE FOR PRACTICE. 

If the scale reads 2 and the head 31, determiDe the j)ercent- 
age of sloj)e. 

(2.) It is required to layout in a given direction a line with 
a given percentage of slope from the point A. See Fig. 96. 

Set up the instrument on the given point, as B, and level it 
carefully. Measure the height of the cross-hairs above the ground 
as before, and set the pointers to read zero with the bubble in the 
center of the telescope tube. Now revolve the line of collimation 

in a vertical plane by means of 
the gradienter-screw bo as to sot 
off the required slope. For in- 
stance, suppose it is required to 
set off a slope of 2.78 j)er cent. 
/ j iLi ggn g^pi^i*^^ ^^.,^ gg0^^ The screw should be turned 

_ five complete revolutions as in- 

Fig. 96. 1. . , 1 , 

dicated upon the scale, plus |JJ 

of a revolution as indicated upon the divided head of the screw: 

5 



200 X 100 ft. 


= 2.50 feet. 


g- X .2J0 X !«' '^- 


= 0.28 feet 



= 2.78 feet per 100 feet. 

Now carry the rod to any convenient j)oint, as G, in the direction 
of the required line; hold it in a vertical position; and note the 
height of the line of collimation. Take the difference between 
this and CE (^ AB). If this difference, as E(t, is positive, it 
gives the height of the grade line above the ground and indicates 
a fill at the point. If the difference is negative, as DE, it gives 
the depth of the grade line helow the ground and indicates a cut, 

EXAMPLE FOR PRACTICE. 

I^t it be required to set off a 3.35 per cent grade, and 
describe the operation in detail. 

When the gradienter is ust^d as a telemeter, it may be upon 
level or sloping ground. 

(1.) Ujw?i IavvI Grouiuh Set up the transit at one end of 
the lino, and level carefully, l^^i'ig the bul)ble of the telescope 
level to the center of its tube, and both gradienter scales to zero. 
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Now send the rod to the next station and let it be held vertieal; 
adjust the target to the line of collimation and take the reading. 
Now turn the gradienter-screw through two revolutions and take 
the reading again (see Fig. 97). 

The difference of the two read- lo 

ings gives DE in feet; and since 

the gradienter-screw has been 

turned through two revolutions, 

CE = 100 DE. Thus, if DE ^ip. 97. 

= 3.25 feet, CE == 325 feet. 

(2.) Uj}on Sloping OroinuL On slopincr ground the first 
reading upon the rod cannot be taken with tht» telescopic horizon- 
tal, but the telescope must be revolved in a vertical plane until the 
intersection of the cross-hairs falls at a division upon the rod 
equal to the height of the cross-hairs above the ground at the 
transit station. If now the rod be held perpendicular to the line 
of sight, and the gradienter-screw turned through two revolutions, 

the intercept upon the rod will be -j— r of the recjuired distance. 

With the gradienter, as with the stadia, it is more convenient to hold 
the rod vertical and apply the necessary correction to the rod reading. 
Set up the transit over a point at one end of the line and level 
carefully. Measure the height of the cross-hairs above the ground. 
Now loosen the clamp of the tangent-screw attached to the vertical 

arc or circle, and revolve the 
telescope in a vertical plane until 
the intersection of the cross- 
hairs falls upon a point (/ (Fig. 
98) upon the rod held at I), such 
that CD - AB. Read and note 
the vertieal anjxleaftt*r claninintr 
the gradienter-screw with both scales set to read zero. Thisangh^ 
will be B (Fig. 98). Now turn the gradienter-screw through 
two revolutions, and note the reading ED upon the rod; the diifer- 
ence between this and CD (-= AB) will give EC, which call S'; 
let FC, the perpendicular intercept upon the rod, be called S; tlit* 
distance AC, parallel to the s1ojr% IT; and let the horizontal dis- 
tance AG be denoted by II. Then from the figure, 




Fig. 96. 
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H = !•» S. 
Now. from ih«r ric^t trian^Ir EAtj. the ancrle al £ = 90^ - 
{0 -^ 9 ; mad from the right triangle FAC, the angle at F = 90^ 
- ^. Thertfore, in the triangle CFK. the angle at F = 1S0° - 

Therefore. 
S : S' : : sin }^} - 6 — 4» : sin i90 + 6); 
or S : S' : : coe . ^ — ^) : cos 0. 

Hence > = > > 

c*^ fi*> 6 - sin 6 .-in <5 



— s 



^ = ^' icos d> - sin <6 tan $}: 

but tan $ -- Y" - . and therefore ^ = S' ic\»s<^ -sin <^||^| »• 

Therefore H'. the distance aloncr the sli»|.ie, 

= S' I 1(h) cos ib - sin 4> » • 

and II, the horizontal distance. 

= II' cos <^ = S' < 1<M.I CO?" <f> - cos <^ sin <^) 

= S . UK) cos- <^ - A sin 2 <^) 

= UK) S - S' < im) sin= ^ + A sin 2 4>), 

It may be well to note that the lower reading of the rod need not nec- 
essarily be such as to make CD = AB, but only as a matter of convenience. 

EXAMPLE FOR PRACTICE. 

Up|>er rod reading = 7.4t> 
Lower rod readinij = 4.fi7 
Vertical angle of lower rod reading = 15' 35'. 
Kequirwl to find the distance ])arallel to the slope between B and 
I) and the horizontal distance AG. 

I^t it now l>e rerjuired to iind the diiference of elevation 
between 1> and I) — ('(i. 

Kvidcntly ^'^^ — H tan </> — S' (100 cos* ^ tan ^ - cos ^ sin 
<f> tan <f>). 

= S' ( 100 sin cos - sin- <f>) 
= S' (100 J sin 2 <^ - sin- 4>). 

In the last example, determine the difference of level of B 
and 1). 

It must not he forgotten of course, that the gradienter used 
in this way cannot give results so accurately as the spirit level; 
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but iievertheleBs, for rapid work, the results will be sufficiently 
correct. 

If the student jxissesses a set of stadia reduction tables, the 
values of ein* <t> and A sin 2 <f) can be taken out at once and much 
lal)or saved. 

To Lay out a Meridian with the Transit. />// nieana (^f the 
North Star at Vj^j^^^r or Lower C aim InatHm, Twice in 24 hours 
(more exactly, 23 hours 56 minutes) the north star ''culminates''; 
that is to say, it attains to its maximum distance from the pole, above 
or below it. At the moment of culmination, the star is upon the 
meridian and if, therefore, a line be ranged out upon the ground in 
tlie same vertical plane, it will define a meridian. 

Set up the transit over a peg, in an open space, giving an 
unobstructed view of a line about 400 or 500 feet loner. I^evel the 
instrument carefully (it should be in j)erfectad justment), and, a few 
minutes before the time of culmination, as given in the table, focus 
the intersection of the cross-hairs upon the star; clamp the plates, the 
vertical axis, and the horizontal axis of the telescope. Now by 
means of the tangent-screws attached to the verticiil axis and to the 
vertical circle, move the telescoj)e in azimuth and altitude, keeping 
the cross-hairs fixed upon the star. After a time it will be found 
that the position of the star no longer changes in altitude; it is 
then upon the meridian. Kow clamp the vertical axis, j)lunge the 
telescope, and carefully center a stake 400 or 500 feet from the 
instrument; the line connecting the two stakes, will define the true 
meridian. 

The whole operation niay be repeated several nights in sue 
cession, and the mean of all the results taken. 

liy Means of the North Star at Kosfrm or Wtmttrn Elon- 
(jation. Twice in 24 hours, the north star attains to its maximum 
distance east or west of the pole, called its eastern or western " elon- 
gation." If a line be ranged out upon the ground in the direc- 
tion of the star — at, say, the time of eastern elongation, and again 
at the time of western elongation — and if the angltJ between 
these two lines be bisected by a third line, this last line will evi- 
dently be a true north and south line. 

Otherwise, Having laid out a line upon the grouixi in the 
direction of the north star — say at western elongation- take from 



147 



140 PLANE SURVEYING 



a table the azimuth (or bearing) of the star at such tiuie, and upon 
the horizontal plate of the transit set off this angle to the east and 
range out a line — which will therefore be a true north and south 
line. If the j)Osition of the star is taken at eastern elongation, the 
azimuth must be turned off to the west. 

Set up the transit over a peg a few minutes before the star 
attains its maximum elongation, as given by the table. I^vel, and 
fix the line of collimation upon the star, following its movement 
as described under the previous method. After a time, it will be 
found that the movement of the star in azimuth ceases; the star 
has then attained its maximum elongation. Now clamp the ver- 
tical axis of the instrument, plunge the tele8co|)e, and center a stake 
in the proper direction. Xow take from the table the proper azi- 
muth, revolve the u])per j)late through the given angle in the 
projHir direction, and range out a line upon the ground for the true 
meridian. 

In order to determine the azimuth of tlie north star at eastern 
or western elontration, it is necessary to know the latitude of the 
place of observation. 

DrfnitHtns, The altitude of a star is the vertical angle at 
the instrument included between the plane of the horizon and the 
line from the instrument to the star, as given by the line of colli- 
mation. 

The latitude of a place is ei^ual to the altitude of the pole. 

If, therefore, we have any method of determining the altitude 
of the j)ole, the latitude of the observer is known at once. 

The altitude of the pole may be determined by observing the 
altitude of the north star, first at its upper culmination and again 
at its lower culmination. Tlie mean of these observations, cor- 
rected for refraction, will give the altitude of the pole and there- 
fore the latitude of the observer. See tables of refraction of Polaris. 

Set up the transit and level it, and proceed in the same man- 
ner as described under the first method for laying out a true merid- 
ian. When tho star has reached its maximum distance above or 
below the pole, as in<lieated by the line of collimation moving in 
a horizontal plant*, clamp the horizontal axis of the telescope and 
read tlu? nu)Ao upon the vertical circle. Tlie result will be tho 
altitude of the star, say at upj>ca* culmination. Repeat the operation 
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at lower cultnination. Now, if A represeutK tlie altitude at upjxT 
culmination, and A, the altitude at lower ciilniinatio[i;rftlior<.'fnu-- - 
tion at Tipper culioinatiou, and Jy tlio refraction at lower culmina- 
tion, then A^, the altitude of the jiole ( = latitude of the place | , 
will be given by the following: 

Aj, = ^ (A 'r Ai -rf ■</,} 
It will Ix) well to repeat these ulistrv-atiunH and takti the mean 
of the roBtilts aa the probihle altitude of the pulu. 




THE SOLAR TRANSIT. 

The Bolar transit is an ordinary engineer's transit fitti'd with 
a solar attachment. Of the many forms of Polars in upc, tlmt 
invented by G. N. Saegmnller, "Washinrjton, J>. C, bwtiis to In- tlu< 
favorite. In its latest form it is shown in Fii^. 01', and ^insists of 
a telescope and level attached to the telesco]M) of the transit (seo 
Fig. 100) in such a manner as to bo free to revolve in two direc- 
tions at right angles to each other. AVhen tlio transit teleseopo ia 
horizontal and the buhblo of the solar in tlic otnti-r of its tube, thi- 
auxiliary teleBco|ie with its bubble rnvolvca in horizontsil iirnl ver- 
tical planes. 
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If now the line of colliniation of tlu^ transit be brought into 
the meridian, the teiesc'0|H^ ]H>inting to tlie south, then, if we lay 
oif uj)on the vertical circle, iij)ward, the eo-hititiule of the place, 
the j)olar axis of the eolar will l>e j)arallel to the axis of the earth. 
If now the two lines of sight are ])aral]el and the solar telescope is 
revolved upon its polar axis, it is evident that its line of sight will 
describe a plane j)arallel to the plane of the ecjiiator. If now tlu^ 
transit telescoj)e be still maintained parallel to the ecjuator, if we 
turn the solar telescoj)e upon its horizontal axis until the angle 
between the two lines of eollimation ecjuals the declination of the sun, 
then when the solar telescope is revolved u])on its polar axis, its 
line of eollimation will follow the path of the sun for the given 
day, provided there be no change in the sun's declination. If 
therefore the solar telescojH) is revolved until the image of the sun 
is brought between a pair of horizontal and vertical wires, pro- 
vided in the telescope for that purpose, at that instant the line of 
sight of the transit telescope is in the meridian. 

The horizontal axis of the solar telescope an<l the polar axis of 
the Bolar are provided with clamj>8 and tangent-screws by means 
of which careful adjustments may be made. Two pointers are at- 
tached to the solar telescoj)e, so ad justed that when the shadow of 
the one is thrown upon the other, the sun will a]>|)ear in the field 
of view. There are also provided colored glass shades to the i^e- 
piece to protect the eye when observing upon the sun. The 
objective and the cross-hairs are focused in the usual May. 

Adjustments of the Solar Transit. It is assuitied in what 
follows that the transit is in perfect adjustment, ])jirticu]ar]y the 
plate levels, the horizontal axis of the telescope, and the /rro of 
the vertical circle. 

1. To adjvst the Polar AffJs, The j)(>lar axis should be 
vertical when the line of eollimation and the horizontal axis of the 
tele8coj)e are horizontal. To make this adjustment, level the tran- 
sit by means of the plate levels. If the telescoj»e is not fitted with 
a level, make the vernier of the vertical circle read zero. Now 
bring the bubble of the solar to the centt»r of its tube and clamp 
the horizontal axis. I^)osen the clamp of the ]K)lar axis, and turn 
the solar Ufion its polar axis through ISO . If the bnlihle reniains 
in the center of the tul)e, the solar axis is in adjusUnent. If the 
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bubble runs toward one end of the tube, correct one-half of the 
error by revolving the Bolar telescope upon its horizontal axis and 
the other half V)y means of the capstan -headed screws at the base 
of the solar. 

If the telescope of the transit is fitted with a level, it will be 
better to test the verticality of the vertical axis by means of it, 
since it is longer and more Bensitive than the bubbles upon the 
plate. To do this, revolve the telescope upon its vertical axis 
until it is directly over a pair of diagonally opposite plate screws, 
and bring the bubble to the center by means of the tangent-screw 
attached to the horizontal axis of the telescope. Now revolve the 
telescope upon its vertical axis through 180°, and note if the bub- 
ble runs to one end; if it does correct one-half the error by the 
parallel plate-screw and the other half by the tangent-screw of the 
horizontal axis, and repeat this test and correction until the bubble 
remains in the center in all positions. 

2. To Adjust the Cross-Hairs of the Solar, The line of 
collimation of the solar telescope should be parallel to the line of 
collimation of the transit telescope. The first adjustment having 
been made, first bring the telescope into the same vertical plane by 
centering a stake by the transit telescope and clamping the verti- 
cal axis. Now turn the telescope of the solar upon the polar axis 
until the intersection of the cross-hairs covers the same point upon 
the stake, and clamp the polar axis. Now level both telescopes 
by bringing the bubbles to the center, and measure the distance 
between the axes of the two telescopes; draw at this distance two 
black parallel lines upon a piece of white paper. Tack up the 
paper against a wall, post, or other convenient object, adjusting it 
in position so that one black line is covered by the horizontal cross- 
hair of the transit telescope; notice if the other black line is cov- 
ered by the horizontal cross-hair of the solar; if so, the adjustment 
is completed; otherwise, move the diaphragm carrying the cross- 
hairs of the solar, until the second black line is covered. Adjust- 
ing the cross -hair diaphragm may displace the solar telescope ver- 
tically, BO that the bubble should again be brought to the center of 
the tube, and the adjustment tested and repeated until the two 
lines of collimation are parallel, when the two bubbles are fiimnl- 
taneoudy in the center of the tubes. 
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The Use of the Solar Transit. An observation with the 
solar transit involves four quantities as follows: 

1. The time of day, that is to say, the hour-an^lo of t\u* sun. 

2. The declination of the sun. 

3. The latitude of the place of o})8orvatinn. 

4. The direction of the meridian. 

Any three of these quantities being known, tho fourth may be 
determined by direct observation. The principal use of tlie solar 
transit is to determine a true meridian when the other three quan* 
titios are known. 

To Lay Out a True Meridian. Set up the transit over a stake; 
level the instrument carefully; and bring tlio lined of coilimation 
of the telesco])es, into the same vertical plane by tho metliod pre- 
viously described. Take tlie dei*lination of the sun as pven in the 
Xaiitieal Almanao for tlie given day, and correct it for refraction 
and hourly change. IJevolve the trffntitt trliMmpe upon its hori- 
zontal axis BO that the vertical circle will record this corrected dec- 
lination, turning it down if the declination is north, and elevating 
it if the declination is south. Now, without disturbing the jk)sI. 
tion of the transit telescoj>e, bring the solar telescope to a iiorizon- 
tal position by means of the attached level. It is evident that the 
angles between the lines of C(»lliniation will ecpial tho corrected 
declination of the sun, and the inclination of the polar telescope 
to its polar axis M'ill be equal to the |K)lar distance of tho sun. 

Next, without disturbing the rrh/ftce positions of tho two tolo. 
scopes, Bet the vernier of the transit telescope to tlio co-latitu<lo of 
the place, and clamp the horizontal axis. It is evident that tho 
transit telesco|)e is jmnillel to the etjuator, and that tho Bolar tele- 
scope is in a position to descriK) the path of tho i^un wlieii tho line 
of coilimation of the XvKnAi in hi tho tnieinrriilhar^ and unless 
the line of coilimation is in the true meridian, the sun cannot be 
brought betweea the cross-hairs of the solar telescope. TlxTefore 
unclamp the vertical axis of the transit and the polar axis of the 
solar, and, maintaining the rchffive jxisitions of the telescopes 
revolve the transit U|K)n its vertical axis, and the solar U]M)n its 
polar axis, until the sun is brought between tho cross-hairs of the 
solar telescope. Now clamp tho vertical axis of tho transit and 
range oat a line upon the ground for the true meri<liau. 
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The solar jipparatiis elioiild not l)e ust*d between 11 a. m. and 
1 r. M. if tlio best results are desired. From 7 to 10 a. m. and 
from 2 to 5 p. m. in the summer will give the best results. The 
greater the hour-angle of the sun, the better tho observation will 
be BO far as instrumental errors are concerned. However, if the 
sun ia too close to the hc/rizon, the uncertainties in recjard to refrac- 
tion will cjuise unknown errors of considenible maijnitude. 

Ohst rrtftnnh fitr Thto, If the two telescopes — being in 
position, one in the meridian and the other pointing to the sun — 
are now revolved upon their loriinHffd axes (the vertical remaining 
undisturbed) until each is level, the angle upon the horizontal 
|)late between their directions, as found by sighting on a distant 
object, will give the time from apparent noon, reliable to within n 
few seconds. 

To J>efe)'7rhlne tha Latitude. Level the transit carefully, and 
point the telescope toward the south, setting off the declination of 
the sun upon the vertical circle, elevating the object end if the dec. 
lination is south, and depressing it if the declination is north. 
Ihing the teh^scope of the solar into the same vertical plane with 
the transit telescope by the method previously described, level it 
carefully, and clamp it. The angle ])etween the lines of collimation 
will then e<iual the declination of the sun. "With the solar tele- 
scojje, observe the sun a few minutes before ita culmination, by 
moving the ^/Yf//.si^ teh-nci^jte in altitude and azumith until the 
imacre of the sun is brought between the cross-haira of the solar, 
keeping it there by meansof the tangent-screws until the Bunceaaes 
to rise. Then take the reading of the vertical circle, correct for 
refraction due to altitude ])V tlie table ])elow, subtract the result 
from IH)", and the remainder is the latitmie sought. 
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Mean Refraction at Various Altitudes.* 



Barom*»t#»r, 30 iDches. Fahrpnbpit Th*Tmor.iel»-r. •>♦ 
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Preparation of the Declination Settings for a Day's Work. 

The solar ej)hemeris pives tht* declination of the sun for the given 
day, for Greenwich mean n(X)n. JSince all points in America are 
west of Greenwich, by -t, 5, (J, 7, or s hours, the declination found 
in the ephemeris is the declination at the tjrjven place at >>, 7, H, 5, 
or 4 o'clock a. m. of the same date, according as the jilace lies in 
the '-Colonial,'" "•Eastern," ••Central/' •• MountHin/' or ** Pa- 
cific" time Ixjlts respectively. 

The columns headed ••Refraction Corrections*' <see table) 
give the correction to be made to the declination, for refraction 
for any point whose latitude is 40 . If the latitude is more or less 
than 4fr, these corrections are to be multiplied bv the correspond- 
ing coi»fficient given in the table of •• Latitude Coefficients" (page 
148). Thus the refraction corrections in latitude iW are (>.") one- 
hundred ths, and those of 50 14'J one. hundredths of tlie C(>rres|)()nd- 
ing ones in latitude 40-. There is a slight error in the use of 
tliese latitude coefficients, but the maximum error will not amount 
to over 15 seconds, except when the sun is very near tlit*. horizon, 
and then any refraction becomes very uncertain. All refrac- 
tion tables are made out for the mean (or average) refraction 
whereas the actual refraction at any particular time and jilace may 
l)e not more than one-half or as much as twice the mean refraction, 
with small altitudes. The errors made in the use of tliese hititude 
coefficients are therefore very small compared with the errors re- 

♦This table, as well an thoso foUowin^j, is taken from tho catalo^'uc of 
Georgo N. Saegmuller, Washint^ton, D.i\ 
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snlting from the use of tbe mean, rather than unknown actual, 
refraction which aife<*ts any given observation. 



Latitude Coefficients. 
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If the date of observation be l>etween June 20 and September 
20, the declination is positive and the hourly change negative; 
while if it be between I)eceml>er 20 and March 20, the declination 
is negative and the hourly change positive. The refraction cor- 
rection is always p)sitive; that is, it always increases numerically 
the north declination, and diminishes numerically the south dec* 
lination. The hourly refraction corrections given in theephem- 
eris are exact each for the middle day of the five-day period, cor. 
responding to that of hourly correcttions. For the extreme days 
of any such period, an interpolation can be made between the 
adjacent hourly corrections, if desired. 

By using standard time instead of local time, a slight error 
is made, but the maximum value of this error is found at those 
points when the standard time differs from the local time by one- 
half hour, and in the spring and fall when the declination ischang- 
ing raj)idly. The greatest error then, is less than 80 seconds, and 
this is smaller than can 1)e set off on the vertical circle or declina- 
tion arc. Even this errpr can be avoided by using the true dif- 
ference of time from (treenwich in place of standard meridian 

time. 

EXAMPLES FOR PRACTICE, 

(1) I^t it be required to j)rej)are a *able of declination for 
June 10, 1904, for a point whose latitude is 40° 20' , and which 
lies in the " Central Time" belt. 
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Since the time is hours earlier than that at <Treenwich, the 
declination given in the ephemeris is the declination at the given 
place at 6 a. m. of the same date. This is found to be 23^ 0' 18". 
To this must be abided the hourly chanj^e which is also plus and 
equal to 11.07". The latitude coefficient is 1.018. The following 
table may now be made out. 
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PROBLEMS INVOLVING USE OP TRANSIT. 

Perpendiculars and Parallels. To erect a petjpf^mlu^dar to 
alifieat a given point of the Vtne, Set up the transit over the 
given point, and with the verniers set to 0\ direct the line of 
sight along the given line. Clamp the lower motion, unclamp the 
apper motion, and turn ofF an angle of IKr in the proper direction 
for the recpiired line. 

To erect a perpendicular to an inaccessihle line at a (/hen 
poini of the line. Let AI>, Fig. 101, l)e the givrn inacressible 
line, and A the point of the line at which it is jiroposed to erec»t 
the perpendicular AD. Select 
some point H from which can l>e 
distinctly seen the points A and 
B of the inaecessilde line. Set up 
the transit at the point IT, and 
measure the angle AHB. Also 
from the point H run out and 
measure a lineof any convenient 

length, and in such a direction that tlio points A and B can he 
seen from its extremity, as E. Now measure the anjrles AIIK 
and BIIE. Now set up the transit at E, and nieai^ure the angles 
BEIT, BEA, and AEII. In the triangle AHE, we know 
from measurement the length of the side HE, as also the angles 
AHE and AEII, fwra which may ho calculated the length of 
the side AH, which is also one side of the triangle AIIB. From 
the triangle BEIII, we have the length II E, known by measure 




157 



PLANE SURVEtma 



Refraction Correction. 
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ment, as well as the antrles BlIE and BEII, from which we 
can calculate the length of the side BII, which is also one Bide of 
the triangle ATIB. Therefore in the triangle AIIB, we have 
the lengths of the two sides All and BIE hy calculation; and the 
angle AUB by measurement. We can therefore calculate 
the angle HAB, which equals the ant^Ie AIID. Set up the transit 
at IT, sight to A, and turn off the ancjjle AIID (— IIAB), 
measuring off III) of a length ecpial to All cos AIID. Then 
AD will be the j)er|H*ndicular requirtnl, and its length will equal 
All sin AIID. 

The calculation is as follows : In the triangle All E, tlie angle 
IIAE ---- ISO'-- (AIIE ( AEIl), and therefore All : UK : : sin 

AEII : sin IIAE; or. All = HE T-^,^;" 

Bin 11 AK 

In the triangle IIEB, IIBE =:s Isu dJlIK ; r.Klh.and 

therefore IIB : HE : : sin llEB : sin IIBK; 

TrT> TTT? Bin IIEB 
or HB = HE -, -,^^,3,,-. 

sm 11 HE 

In the triangle AIIB, the sum of tht* aiiirles 1IAI> and IIBA 
-— 180^ — AIIB. Let X represent tlie ditfcreiicc of tlie angles 1 1 AH 
and HBA. Then, from trigonomt^lry, 

AII + IIB: AH - lIB::tan 1. (IIAr, 11 HA i: tan A (II A 15 - 

HBA); 
or, All + IIB : All - UB :: tan .1 (ls(» - All U) : tan '. ./ ; 

or. All + HB : AH HB :: cot -^ ': tan .1 ./•. 

From this last proportion we find ^r, thediifenMice of tlio tw<» an^^lcs 
HAB and HBA. We then have tlie simultaneous equations: 

IIAB II HA :. ^(say) 

IIAB - 1IP>A .7 (say) 

Therefore IIAB : : — ' '--; and HBA '' '-. 

KXAMPLE FOR PRACTICE 

Given HE (Fig. 101) ^ 125 feet; AIIE -- 122 ; AIIB -- t4^; 
BHE=28^; BEII = 121 ; BEA ^- SO ; AEII :-41 . It is required 
to find the angle AIID, the length of HT), and tlie lengtli of AD 
Ana. AIID =^ 50^" 54'; HI) - lT(>.n2 feet; AD : 217.02 feet 
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To U't fidlii perpeThtllcaUir to a Vnie from a given point. 
Let AB, Fig, 102, be the given line, and C the point. Set up the 
transit at some point A of the given line, and measure the angle 
BAG. Take the instrument to C, sight to A and turn off an angle 
AOB = 1*0' - BAG. The instrument will then sight in the direc- 
tion of the required perpendicular GB. 

To let fall a per pellicular to a line from an inacceifsihlt 
point. LetBG, Fig. 103, be the given line and A the inaccessible 
point from which it is desired to let fall the perpendicular upon 
!>('. Set lip the instrnnuMit, as at B; and, after measuring the 



AT 



>< 



B 




Fip. 102. Fig. 103. 

leni£th of B( •, measure the aimle AHG. Take the instrument to 
0, and measure the angle ACB. Then in the triangle ABG, 

AB : B(^. : : sin A(;B : sin (ACB + ABG); 

^*^-^^ sin (AaM ABC)' 
BI) =z ABeos AB(^; 

tan ACB 



or. 



and, 



BO = B(^ 



tan ACB H- tan ABC* 



EXAHPLE FOR PRACTICE. 

(;iven B(; (Fig. 108) -^ 2r)0 feet; AB(^ = 6315'; ACB = 
55 40'. Calculate the length of Bl), and the length of AD. 

) BD = 126.2 feet. 
^"^- I AD = 250.7 feet. 
To let fall a peipen die alar to an inaccessible line from a 
(jiven point outside of the line, l^t AB, Fig. 104, be the inacces- 
sible line, and C the point from which it is desired to let &11 the 
perpendicular to AH. Through (y run out and measure a line 
of any convenient length, as (■!), and measure the angles ACB 
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DCB, and DCA. Set up the instrument at D, and measure the 
angles ADC and BDC. In the triangle BDC, we have given two 
angles and the included side, from which can be calculated the 
length of the side CB, In the triangle ADC, we have given two 
angles and the included side, from which Ciin be calculated the 
length of the side AC. Then, in the triangle ACB, we have 
Ihe lengths of the sides AC and C13, and the included angle 
ACB, from which can be calculated the angle CAB. If, tlu^n, the 
instrument be set up at C, and an angle ACP^ be turned oif ecjual 
to 90'^ - B AC, the line of sight 
will point in the direction of the 
recjuired |)erpendicular, and tho 
length of the perpendicular wnll 
be given by AC cos ACE. 

This same method will serve 
to trace a line thromjh a given 
point parallel to an inaccessi- Fig. 104. 

hie line. For if, with the instru- 
ment at C, an angle ACA' be turned off e(jual to CAB, the 
line A' B' will be parallel to AB. 

Obstacles to Alis^nment. Jhj l^irjH'iidlculani: When a tree, 
house, or other obstacle obstructing the line of sight (see Fig. 105) 
is encountered, set up the transit at the point B, turn oiF a right 
angle, and measure the length of the line B(\ Erect a second 
]H*rj)endicular CD at C, and measure its length. At D erect a 
third perpendicular DE, making DE -- B(-. Then tlie fourth 
j)erpendicular EF will be in the direction of th(> re(|iiired line. 
The distance from B to E will be given by CD. If jxrpendie- 
ulars cannot be conveniently set off, let BC and DE make any 
equal angle with the line AB, so that CD will be ])ar:illel to it. 

liy an KquilaUral Trhuujh\ At B turn off from tlie direc- 
tion of AB produced, an angle of 00 in the direction of BC (see 
Fig. 106), and make BC any convenient length suilicient to dear 
the obstacle. Set up the instrument at C and turn off an angle of 
60° from BC to CD and make CD of a length eipial to BC 
Finally at D turn off a third angle of ()0^ from CD to DI>, and 
the line DE will be in the direction of A I> pnwluced. Tlie dis- 
tance BD will equal BC or CD. 



Wl 
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Jitj TriaTujulatiini, Let AB, Fig. 107, be the line to \w 
prolonged beyond the obstacle. Choose some point as from 
which can be seen the line AB as well as some point D beyond 
the obstacle. "With the transit at A, measure the length of AB 
and measure the angle BAC. Set up the transit at C, and meas- 





Fij-r. 105. Fi<?. 100. 

ure the angles BCA and A('I). Then, in the triangle ACB, 
we have one side and two angles known, from which can be cal- 
culated the lengths of A( • and B(-. In the triangle ACD, we 
know the length AC and the angles BAC and ACD, from 
which can be calculated the length CE, the angle BEC, and the 
distance AE. There fort? from C measure the distance CE, st^t up 
the transit at E, and turn off the angle CEF e<iual to 180^ minus 
the angle BE(\ for the direction of the required line. The 
length of BE will evidently equal AE - AB. 

By a liaiidovb IJtie. When a wood, hill, or other obstacle 
prevents one end of a line (as B, Fig. lOS) being seen from the 
other end A, run out and measure a random line, as AC, as 



A-^ 




Fig. 108. 

nearly in the re(jnired direction as may be guessed, until a ])oiDt 
(5 is reacht^d from which B can be seen. Now, if convenient, 
measure the perpendicular offset from AC to the }>oint B, from 

BC 

which can be calculated the angle CAB. Tan. CAB = —.->>,. 

AO 

If a right angle cannot be turned off at C, turn off any convenient 
angle and measure the distance CB; then, in the triangle ACB, 
there are given two sides and the included angle, from which can 
be calculated the angle (/AB. Kow taking the transit back to 
A, the angle CAB can be turned off in the proper direction from 



162 



PLANE SURVEYINCi 



1 r);") 



AC, and the correct line AI3 cjin l>e run out jind iiu*asurt'd in 
the proper direction. 

By iMt'dudcH ami l>cpartu,'is. AVhtMi a sintrle line such as 
AC cannot be run so as to come opposite the given point B (Fig. 
KMM, a series of zigzag lines (as AC, ( I), I)E, EF, and FJJ) can 
be run in any convenient direction, so as at las*: to arrive at the 
desiretl |)oint B. Any one of 






O 



<_ _ 1 , 



these lines (as, for instance, A(/j 
may be taken as a meridian to 
which all of the others may be 
referre<l,and their bearings there- 
from dt»duced. Calculate the ^'^ 
total latitudes and dejmrtures of V\\i. 1()1». 

these lines, as AX and HX; then 
the l>earing of the required line BA with respect to A(.' will he 

BX 
given by Tan. BAC = r^- 

By TrhiuyuhitHni, When obstacles jjrcvent the u^e of 
either of the preceding methods, if a point V can lu' found from 
which A and B are accessible (see Fig. 110), measure the dis- 
tances CA and CB, and the angle AC1>, from wliich can be calcu- 
lated the length of the side AC and the angle CAB. Now 

measure the anfh^ ACD to some 
point 1) beyond tlu» obstacle; 
then, in tlii' triangle ACl), wo 
have two ancrles and the included 
side, from which may be calcu- 
lated the leufrth of the sidt* (H). 
Measure tin* distance* CD in tin* 
proper direct ion, set uj) the tran- 
sit at I), and turn off an angle CI)I> equal to the suj)plement of 
ADC, for the direction of the re<piired line. 

The distance from A to I) may also be calcuhiteil from tlu^ 
triangle ACD, the stake at 1) given its ])roj)er number, and the 
line continued. If the distances CA and CB cannot be meas- 
ured, it will be necessary to measure a base-line through C, from 
the extremities of which the anjiles to A and B can be nu^asureil 
and the required distances calculated as before. 
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The fullowiiii; jirubk'Hi, ns illustrated iu Fig. 111. is of fre- 
({ucDt cx'i-'iiri-eiK-t^ in lioe surveys. The line AB of tlie Burrey 
having been brought up to one side of a stream, it is deeired to 
continue the line of the f>urvey across the stream to the point C. 
the latter point being visible from It and a(H:essible. It is requirttd 
to find the lengtli of the line BC, that the stake at C' may be given 
its yiro]>er nunil)er, and the i;urvey continued from that point. 
With the transit at B, turn off the required angle to locate the 
point (', and drive a stake at that point. If possible, deflect from 
B(/ a right angle to some point K, and measure the length of BE. 
TakL^ the transit to K. iind mensure the angle BEC. The dis- 
tance BC is therefore: 

]'A- := BK tun BKO. 

If it is not possible to turn otT u right angle at B, then through 
B run a line (as BK') in any convenient direction, and measure 
its length; measure also the angles E'BO and BE'C. In the 
triangle CBK', there are then given two angles and the incladed 
eide. from which the side BC can 

A- lj\\\\\ be calculated. Should it be nee. 

?| ,£..„__^ esaary to take soundings at cer- 

tl| ^""~~~-o 'ain intervals (as, say, 50 or 100 
tjli feet acrn)ss the stream), then in 

M the triangle BE X there aregivon 

the distance BX, the distance 
K'X. and the angle XBE', from 
whieli eiin l.e calenliited tlu^ angle BK\. With the transit at E", 
turn otr from BK' tht- angle HE'X. Now. starting a boat from 
tlie chore, direct it in line from B to C until it comes upon the 
line of Bight of the transit from E' to X. At that point take 
sonndings, and similarly for the point X'. etc. If the point is 
not visilile from B, find some jHjint. as E (e*to Fig, 112), from which 
B and (' tint visible, and ineatture the angle BEO and the distaoce 
EB. Kind a sM^ond point, as F, from which E and are visible, 
and nteasurt! the angU'M CEF and KFC and the distance EF. Then, 
in the triangle ECF, there nrc given two angles and the incloded 
side, from wbieli e;in be (Mlfuliili-d thf! distance EC. In the tri- 
angle BCE, then, there are given two sides and tlie ioclvded 
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angle, and from these tliit tliinl side ])C and the niiir)e EBC cHn 
be found. The Btake can now he iiaiiiherfd, und the Iiearinir of 
BO deduced. 

EXAMPLBS FOR PRACTICE. 

1. In Fig. Ill, given UK = 210 feet; Hiiglu (IHE' = 110' 
15'; angle BE'C^ = 34'20'; stake B niinibered S + 54. It is 
required to find the numher of tho stake ('. 

2. («) lu Fig. 112, given 
EF = 250 feet; BE = 128 feet; 
angle EEC = 4» 4U'; angle (.'EF 
= 103 30';angl«BEO = 3i>nO'. 
If the stake at B is nambered 12 
+ 20, it is required to find the 
Dumber of the stake at C. 

(b) If thebearing of tbeline v\i.. 112. 

AB is S76''E, and the deflection 

angle of BE from AB is 104" to the r'(//it, fiud tin- hearing of Ii(X 
To Supfriy Omissions. Any two oniissious in a i-Iut-ed sur- 
vey — whether of the direction or of the length, or of both, of one 
or more lines of the survey — can alwavs be supplied hy the 
ap|)licHtion of the principh'of hili- 
tiuie antl ch^partureo, alth<iiii:li thin 
method uhunld Im- resoited tu only 
in cai-eE of ali^olnte neeesnity, 
winee uiiy ominsiim rendera the 
checking of the liekl work im- 
prissible. In the followini; jiiini- 
gnijihs, the iiiethodft oullincd will 
»p[)ly eijually wlidher the Miirvey 
lias been made with the transit 
or with the eiinipisH, 

<!ask I. )r/,'M //.-■ hiujth 
.nni l...u-Unj of .un, ,;,•■ «/-/,■ arc 
>r.ii,thi<i. In Fig. li:{. lut the 
dotted line F<i rejin-Heut the 
course wliose h-ngth and iM'iiring 
are wautiug. Calculatt! the latitudes und dep:irture:!> of the reiiiaiu- 
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int^ cours(»s; aiul since in a closed survey the algebraic sum of the 

latitudes and departures should ecjual zero, therefore the difference 

of tlie latitudes will he the latitude of the missing line, and the 

difference of the longitudes will he the required longitude. The 

latitude and longitude of the line, 

form the sides of a ritjht triangle, 

from which we have: 

. Longitude 
tangent of l)earing = f- -^ i • 

The required length will l>e given 
latitude 
Cos Bearing' 
Cask 2. W/trji ilw huijth of 
tun} ^nle and the hnn^lntj of ifn- 
otlur if re ii^finihuj, 

(o) "NVuKN THK DKFK^IKNT 
SIDES ADJOIN KACUOTHKR. Tu Fig. 

Ill, let the hearing of DE, and 




Fi^^ 111. 



the length of FE, l)e lacking. 
Draw DF. From tlu^ {^receding 
proposition wo can calculate the 
bearing and length of DF, as 
though DEand KF did not exist. 
Then, in the triangle DEF, W(» 
have f^iven the lencrths DF and 
DE and the angle DEF, from 
which can be calculated the angle 
FDE and thelentrth EF. 

(/>) AVilKN THK DKFICIKNT 
SIDi;s AI:K SKPAKATliD FKoM KACH 

oTiiKii. In Viijr. 11.*) let AHCDE 
FGA 'represent a sevtMi-sided 
field, in which tlu^ lentrih of CD. 
and the bewaring of FG, are want- 
ing. Draw Dir, B'A', A'CV, of 
the same lengths, and ])arallel 
respectively to Cl>, BA, and A(i. 




Fig. 115. 
Connect G' with GE and F. 



Then, in the figure DB'A'Ct'E, there are given the lengths and 
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bearings of all of the courses but (i'E. The length and bearing of 
the last course can he calculated by the principles of (^ase 1. Then, 
in the triangle EF(t , there are given the lengths and bearings of 
EF and EG', from which can be calculated the length and bearing 
of FG'. Therefore, in the triangle (iFG', since GG' is equal in 
length and parallel to GD, there are given the hiHjthis of (iF and 
FG', and the bearings of CJG' and FG', from whidi can l>e cal- 
culated the length of GG' and the bearing of GF. 

(/ASK 3. When the leviffha af tmo a'uh'H atu vuini'nuj, 
(a) When the deficient sides adjchn each other. In the 
seven-sided Fig. 116, let the lengths of DF] and EF bo wanting. 
Calculate the length and l)earingof DF bv the principles of Case 1. 
Then, in the triangle EDF, then* 
are given the angles at D and P\ 
and the length of ])F, from which 
can be calculated the lengths of 
DEandEF. 

(i) AVhEN the 1)EK1(!IENT 
SIDES ARE SEPARATED FROM EA(^1I 

OTHER. In Fig. 115, let the 
lengths of CD and GF be want- 
ing. As l>ef()re, having calculated 
the length and bearing of FG', 
in the triangle FGG', the angle at 
G can be calculated from the bear- 
ings of FG and GG'; the angle at 
G' from the bearings of GG'aud FCi'; and the angle at F from the 
bearings of FG and F'G'. There are given tlien the three angles 
of the triangle, and the length of one side, from which can be 
calculated the lengths of the other sides. 

Cask 4. When the hinruKix of tiro s!t/ts arr irimtnui, 

(^/) When THE DEFICIENT SIDES ADJOIN EACH OTHKK. Ill Fig. 

116, find the length and bearing of DF as before. Then, in the 
triangle DEF, there are given the lengths of the three sides, from 
which can be calculated the required angles. 

(ft) When the deficient sidp^s are separated fr<»m each 
OTHEB. In Fig. 115, let the bearings of CD and GF be wanting. 
Calcnlate the length and bearing of FG' as before. Then, in the 
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triaiifjle F(i(i', tlit-re are three aides known, from which can bocal- 
enlsted the three angles, and therefore the bearings can be dedaced. 
UNITED STATES PUBLIC LAND SURVEYS. 
The larst eurreytt of the pnbl ic lands of the United States were 
carried out in Ohio, under an act of Congress approved May 20th, 
178-5. This act provided for townships miles sqoare, coDtaining 
36 sections of 1 mile square. The townships 6 miles square, were 
laid out in ranges, ext<^'nding northward from the Ohio Rirer, the 
townships being numbered from south to north, and the ranges 
from east to west. The territory embraced in these early surveys 
forms a part of the present state of Ohio and is known as "The 
Seven Itanges." The sections were numbered from 1 to 36 com- 
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Fig. 117. 



Fig. 118. 



nienciiig with Xu. 1 in tlie Ki'iilliKixt wjrner of the township, and 
running from xinith to ^mrth in each tier, to No. 3G in the niirt/i- 
Wfft c<inier of the townships as shown in Fig. 117. 

A Biibsoqueiit act of Congress, approved May 18th, 1796, pro- 
vided for the appointment of a surveyor general, and directed the 
survey of the hinds northwest of the Ohio Itiver, and above the 
mouth of the Kentucky liiver. This act provided that " the sec- 
tions shall be numbered resjiectively, beginning with the namber 
one in the northeast section, and proceeding west and east alter- 
nately, through the township, with prt^ressive numbers till the 
thirty-sixth be completed." This method is shown in Fig. 118 
and is still in ur-. 

An act of Congress, approved Feb. 11th 1805, directs the sub- 
division of the public lands into quarter sections, and provides that 
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all the corners marked in the public surveys shall bo etitablished 
as the proper corners of sections, or subdivisions of sections, which 
they were intended to desi{:ifnato, and that corners of half and 
quarter sections not warhetl shall be place<l, as nearly as possible, 
*' equidistant from those two corners which stand on the same line/' 
This act further provides that '• the boundary lines actually run 
and marked * * * shall be established as the proper bound- 
ary lines of the sections or subdivisions for which they were 
intended; and the length of such lines as returned by =^ ••- * 
the surveyors * * * shall ])e held and considered as the 
true length thereof " 

An act of Congress, approvc^l Ajiril 24th, V^"2\\ provides for 
the sale of public lands in half-quarter sections, and requires that 
"in every case of the division of a quarter section the line for the 
division thereof shall run north and south. An act of t'ongress, 
approved April 6th, 1832, directed the subdivision of the public 
lands into quarter-quarter-sections and that in every cast* of \\w 
division of a half -quarter section, the dividing line should run 
east and west; and that fractional sections should be subdivided 
under rules and regulations prescribed by the St»cretary of the 
Treasury. 

By an act of Congress, approved March 3rd, 1S4',L the Depart- 
ment of the Interior was created, and the act provided '* That the 
Secretary of the Interior shall perform all the duties in relation to 
the General Land Office, of supervision and ajjpeal now (h'seharped 
by the Secretary of the Treasury. '■'" ]>y this act the 

General Land Office was transferred to the Department of the 
Interior where it still remains. 

The division of the public lands is eifected])y means of merid-- 
ian lines and parallels of latitudes established six miles apart. 
The squares thus formed are callKl Tn(rni<hijh^^ and contain 30 
square miles, or 23,040 acres '• as nearly as may be. " All of the 
townships situated north or south of each other, form a li*nujr and 
are named by their number east or west of the principal meridian. 
Thus, the first range west of the meridian would be desirrnated as 
Range 1 West (R. 1. W.). Each tier of townships is namtMl by 
its number north or south of the base line, as Township 2 North 
(T. 2. N.). 
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Existing law3 furtht:^r reijuire that each township shall hit- 
<Hvided into thirty-six atrct ions, by two s^ts of pamllrl liiies, ont- 
crovr-med by true merltiians and the other by parallels of latitudt^ 
the latter intersecting the former at right anorlee, at intervals of 
(jne mile ; and each of these sections must contain, aa nearly lii^ 
fi^jsfible, six hundred and forty acres. These re«{uirement3 are 
evi'lently inconsistent l^ecanse of the converirency of the meridians, 
and the discrej»anr:ies will be greater as the latitude increases. 

In view of tliese facts, it was pnivided in Eection 3 of the act 
of C oncrress approvKl May l<>th, I'^^^K that •• in all cases where the 
exterior lines of the townshijis, thus to l»e subdivideii into sei'tions 
and half-sections, shall exeee<K or shall not extend six miles, the 
excess or deficiency shall Ik? specially noted, and added to or 
deduftM from the western or northern ranges of sections or half- 
seijtions in such township, aeeonlinrr as the error may be in runnincr 
lines from east to west, or from south to north ; the sections and 
half-sections lK)unded on the northern and western lines of such 
townships shall be sold as containincr only the quantity expressed 
in the returns and plots, re.<pectively, and all others as containing 
the complete lejral quantity." 

To harmonize these various requirements as fully as possible, 
the following metho<ls have Intm adopted by the general land office. 

Initial [Kiints are first established astronomically under sjiecial 
instriirrtions, and from this initial |>oint a •* principal meridian " is 
laid out north an<l south. Through this initial point a ^^base 
line" is laid out as a parallel of latitude running east and west. 
On t]w principal meridian and base lines, the half-mile, mile and 
six- mile corners are pt»rmanently located, and in addition, the 
ineJiiKbT corniTS at the intersection of the line with all streams, 
lak<'S or bayous prescribed to l>o njcandered. These lines may be 
run with solar instruui<*nts, but their correctness should be checked 
by observations WMth the transit upon Polaris at elongation. 

Standard paralh^ls, also chilled correction lines, are run east 
and west from the princij)al meridian at intervals of twenty-four 
miles nortli and south of tlie base line, and the law provides that 
*' wlitMHi Htandard parallels have be(»n jjlaced at intervals of thirty 
or thirty. six miles, regardless of existing instructions, and where 
groHH irregularities retpiire additional standardlines, from which to 
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initiate new, or upon which to close old surveys, an iiiterniecliate 
correction line should be established to which & local name may he 
given: and the same will be run, in all respects, like the reiruhir 
standard parallels/' 

Guide meridians are extended north from the base line, or 
standard parallels, at intervals of twenty-four miles east and we^t 
of the principal meridian. 

When conditions are such as to require the cruide meridians 
to run 80vth from a standard parallel or a correction line, they are 
initiated at properly established closing corners of the given |)aral- 
lel. That is to say, they are l)egun from the point on the parallel 
at which they would have met it if they had been run north from 
the next southern parallel. This point is obtained from com])uta- 
tion, and is less than twenty-four miles from the next eastern or 
western meridian by the convergence of the meridians in twenty- 
four miles. 

In case guide meridians have been impro[)erly located too far 
apart, auxiliary meridians may l)e run from standard corners, and 
these may be designated by a local name. 

The angular convergence of two meridians is given by the 

equation 

^ = tn sin L (1) 

where m is the angular difference in longitude of the meridians, 
and L is the mean latitude of the north and south lentrtli under 
ooDsideratioo. 

The linear convergence in a given length / is 

c = I sin 4> (2) 

The radius of a parallel at any latitude L is given by the 

equation 

r = cos L (ih 

where K is the mean radius of curvature of the earth. 

The distance between meridians is usually mven in miles and 
this mast be reduced to degrees. To do this it is first necessary to 
find the linear value of one degree of longitude at tiie mean latitude 
from the proportion. 

the value of /' being found from (3) 
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Equation (4) will give results Bufficiently accurate, although 
in strict accuracy K should l>e the radius of curvature at the mean 
latitude. 

For full details of public-land surveying, see " Manual of 
Surveying Instructions for the Survey of the Public Lands of the 
United States," issued by the Commissioner of the General 
Land Office. These *• Instructions '* are prepared for the direction 
of those engaged on the public land surveys, and new editions are 
issued from time to time. 

Much of the foregoing in very condensed form is taken from 
the edition of 1894. 

The following table gives the convergency both in angular 
units and linear units for township miles square, between lati- 
tudes 30 and 70^ north. 

Let it be required to find from the table the linear converg- 
ence for a township situated in latitude 38"^ 29' north. 

Looking in the table op|)08ite 39° we find the linear con- 
vergence. 

For 39" r:r 58.8 links 

For 38 ' ^ 50.8 links 

Difference for 1 — 2.0 links 
Difference for 1' = 2.0 h- 60 = .0333 links 
Difference for 29' -^ .0833 X 29 = .97 links 
Therefore total convergence for latitude 38'' 29' = 56.8 4- 
0.97 links = 57.77 links. 



178 



PLANE SURVEYIXG 



BASE nEASUREHENT. 



IBo 



It is not intended in what follows to go into tlie details of the 
measurement of a base for an extended system of triangulation, as 
that properly belongs to Geodetic Surveying. Some description 
of base measuring apparatus will be given, with illustrations of 
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various devices, and special attention will be given to the use of 
the tape in the accurate measurement of lines such as occur in usual 
field operations of Plane Surveying. 

Much of what follows is from the excellent treatise on Topo- 
graphic Surveying by Herbert M. Wilson. 

A trigonometric survey is usually carried ovvr a country where 
the direct measurement of distances is impracticable, and since the 
calculations of these distances proceeds from the direct measure- 
ment of the base-line, this base line should l)e so located as to 
permit of its length being determined with any degree of accuracy 
consistent with the nature of the work involved. 

To attain the desired results, the site should be reasonably 
level and afford room for a base of proper length so that its ends 
may be intervisible. and permit of the development of a scheme of 
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priinarr tr:ant:nla::«:»n gi^In^: thr liest-conditioned fignrefl possible. 
U:L«rr rhir.c:? >i^:L:^ em^I. xLai site is best that includes solid 
c^roundi U.'ih for {•^rTnanency of monoments and facility and 
accuracv of ri.trasurvTiienr. 

Base ApfMuiitus. In rariT days, base-lines were measnred by 
means of wixjiien n>i:^. varnished and tipped with metal. The rods 
were gup[«:»rted in trestles, the contacts between the ends being 
made with grrat irare. Later* e"hij>^:n^tttdr»Mh were employed, as 
for instance the Con tact- Slide Apparatus of the U. S. Coast Survey 
and the Re [>so!d primary' base bars of the U. S. Lake Survey, see 
Ficr. ll'.i, resultiniT in irreater accuracy in the measurement of base 
lines. The use of the /<>'/ hir (see Fig. 120) by the U. S. Coast 
Survey, represents the hicrht-st development of base-measuring 
apparatus. 







Fig. 119. 

Within rtH?ent years the^/<i7 Ay/^has become popular as the 

accuracy attainable with it% use has become more fully appreciated. 

Errors in Base ileasurement. The following are the chief 

tioiirrts nf error m base measurement: 

1 . Changes of temperature ; 

1. Difficulties of making contact ; 

'X Variations of the bars or tape from the standards. 

Tlie refiijeiiu^nts of measurement consist especially in — 

c£. Standardizing the measuring apparatus, or its comparison with a 
standard of longtn. 

//. Determination of temperature, or its neutralization by the use of 
( >,om I M*n sating bars. 

r*. Means adopted for reducing the number of contacts to the fewest 
possible, and of making these with the greatest degree of precision. 
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The inherent dijfi/!uUie8 of meacnremeiit with hur" of any 
kind »re : 

1. Niiceseity of meniiu ring short liaHeK because of tbp numlrer or timee 
which the bar muKt be moved. 

2. Expense, an a contjidorablo number o[ uien urn requircil. 

3. SlowDesa, the measurement often, occupying from a month to six 

The advafUo/jes of ineasurement innde with ii xtal tapr are : 
1. Great reduction in the number of contactii, as the ta)H-K nrp about 
three hundred feet long as compared with bars of about twflvo feet. 

S. Comparatively small coet because of the tew persons rp<|uirr>d. 

3. Shortness at the time employed, an hour ton mile being an ordinary 
record in actual measurement 

4. ErroiB in trigonometric ezi>anBion may be reduced by incronKingthc 
length of the base from 5 milea, the average length of a bar measured baM.-, 
to 8 miles, not an uncommon length tor tape-measured bases. 




Fig. l-2(). 
Steel tapes offer a means of iimneiiring hiiM' \\\w* which is 
superior to that obtained by iiieaBnnntr biin>, Ix-ciiiisc thi-ycomliitio 
the advUDta^es of f^reat length and siiiiplicity of inaiiipulntion, 
with the precision of the shorter Ialx>ratory sttiiidnrdR, pruviding 
only that means be perfected for eliminating the errors of tcni- 
peratnre and of s^ in the tape. Base liiiea iian K- bo coiivt-nifntly 
and rapidly measured with long steel tapes as to |ii-rniit of their 
beinf^msde of greater length than has l)et<n the praolico with Hnoo 
measured by bars, and an a reoult, still greater ermrx may he 
introduced la tape-measured bases and yet not afTect the ultimate 
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expansion any more than will the errors in the latter, because of 
the greater length of the base. 

The tapes used for this work are of steel, either 300 feet or 
100 meters in length. The tapes used by the Coast Survey are 
101.01 meters in length, 6.34 millimeters by 0.47 millimeters in 
cross-section, and weigh 22.3 grams per meter of length. They are 

subdivided into 20 meter spaces 
by graduations ruled on the sur- 
face of the tape, and their ends 
terminate in loops obtained 
either by turning back and an- 
nealing the tape on itself, or by 
fastening them into brass hand- 
les. When not in use, the tapes 
are rolled on reels for easy trans- 
portation. 

The steel tapes used by the 
Geological Survey are similar to 
those used by the Coast Survey, 
excepting in their length, which 
is a little over 300 feet. They 
are graduated for 300 feet and 
are subdivided every 10 feet, the 
last 5 feet of which at either end 
is subdivifled to feet and tenths. 
The various instrument-makers now carry such tapes in stock, 
wound on hand-reels. All tapes must be standardized before and 
after use, by comjjarison with laboratory standards, and, if possible, 
thereafter frequently in the field l)y means of an iced-bar apparatus^ 
In measuring with steel ta[K^s, a uniform tension must be 
applied. In order to get a uniform tension of 20 to 25 pounds, 
some form of stretcher should be used. That used by the U.S. 
Coast Survey consists of a base of brass or wood, 2 or 3 feet 
in h»ncTth by a foot in width, u|)on which is an upright metallic 
standard, and to this is attached by a universal joint, an ordinary 
spring-balance, to which the handle of the tape is fastened. See 
Fig. 121. The upright standard is hinged at its junction with 
the base, so that when the tape is being stretched, the tapeman 




Fig. 121. 
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can put the proper tension on it by taking hold of the upper end 
of the upright standard and using it as a lever, and by palling it 
back toward himself he is enabled to use a delicate leverage on the 
balance and attain the proper pull. 

The thermometers used are ordinary glass thermometers, 
around the bubbles of which should be coiled thin annealed steel 
wire, so tliat by passing them in the air adjacent to the tape, a 
tem[)crature corresponding to that of the tape can be obtained. 
Exjwrience with such thermometers shows that they closely fol- 
low the temperature of the steel tape. For 
the best results, two thermometers should 
be used, each at about one-fourth of the 
distance from the extremities of the tape. 
The stretching device used by the U. S. 
(jeological Survey is much simpler and 
more quickly manipulated than that of the 
Coast Survey. The chief object to be at- 
tained in tension is steadiness and uni- 




Fig. 123. formity of tension; the simplest device 

which will attain this end is naturally the 
best. Two general forma of such devices are employed by the U. S. 
Geological Survey, one for the measurement of base lines along 
railways, where the surface of the ties or the roadbed famishes 
support for the tape, and the device must therefore be of such 
kind as to permit of the ends being brought close to the surface; 
the other is employed in measurements made over rough ground, 
where the ta|)e may frequently be raised to considerable heights 
above the surface and be supported upon pegs. 

The stretcher used by the Geological Survey for measuring 
on railways is illustrated in Fig. 122, and was devised by Mr. Ho 
L. Baldwin. It consists of an ordinary spring-balance attached to 
the forward end of the tape, where a tension of twenty pounds is 
applied, the rear end of the tape being caught over a hook which 
is held steadily by a long screw with a wing-nut, by which the 
zero of the tape may be exactly adjusted over the mark scratched 
on the zinc plate. The spring-balance is held by a wire running 
over a wheel, which latter is worked by a lever and held by 
ratchets in any desired position, so that by turning the wheel, a 
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uniform strain is placed on the spring. balance, which is held at 
the desired tension by the ratchets. 

The tape-stretcher used by the U. S. Geological Survey off 
railways consists of a board about 5 feet long, to the forward end 
of which is attached by a strong hinge, a wooden lever about 5 
feet in length, through the larger portion of the length of which 
is a slot. See Fig. 123. Through the slot is a bolt with wing- 
nut, which can be raised or lowered to an elevation corresponding 
with the top of the hub over which measurement is being made; 
hung from the bolt is the spring- balance, to which the forward 
tapeman gives the proper tension by a direct pull on the lever, 
the weight of the lever and the friction in the hinge being such as 
to make it possible to bring about a uniform tension without dif- 
ficulty. The zero on the rear end of the tape is adjusted over the 
contact mark on the zinc by means of a similar lever with hook- 
bolt and wing-nut, but without the use of spring-balance. 

Laying out the Base. The most laborious operation in base 

measurement is its preliminary preparation, which consists of: 

1. Aligning with transit or theodolite; 

2. Careful preliminary measurement for the placing of stakes on rou^h 

ground; 

3. Placing of zinc marking-strips on the stakes. 

Base lines measured with steel ta[>es across country are aligned 
with transit or theodolite, and are laid out by driving large hubs 
of 3 X 6 scantling into the ground, the tops of the same project- 
ing to such a height as will permit a tape-length to swing fre(* of 
obstructions. These large hubs are placed by careful preliminary 
measurement at exact tape>lengths apart, and between them as sup- 
ports, long stakes are driven at least every 50 feet. Into the sides 
of these near their tops are driven liori/ontally, long nails, whieh 
are placed at the same level by eye, by sighting from one terminal 
hub to the next. The tape rests on these nails and on the surface 
of the terminal hubs are tacked stri})S of zinc on which to make the 
contact marks. A careful line of spirit-levels must be run over 
the base-lines, and the elevation of the hub or contact-mark of each 
tape-length must be determined in order to furnish data for 
reduction to the horizontal. 

In measuring over rough ground, six men are necessary, two 
tape-stretchers, two markers, two observers of thermometers, one 



179 



172 PLANE SURVEYING 



of whom will record. The co-operation of these men is obtained 
by a code of signals, the first of which calls for the application of 
the tension; then the two tape -stretchers by signal announce when 
the proper tension has been applied; then the rear observer adjusts 
the rear graduation over the determining mark on the zinc plate 
and gives a signal, upon hearing which, the thermometer recorder 
near the middle of the tape lifts it a little and lets it fall on its 
supports, thus straightening the tape. Immediately thereafter the 
front observer marks the position of the tape graduation on the 
zinc plate, and at the same time the thermometers are read and 
recorded. 

After the measurement of the base line has been completed in 
the field, the results of the measurement have to be reduced for 
various corrections, among w^hich are: 

Comparison with standard measure; 

Corrections for inclination and sag of tape if such is used: 

Correction for temperature. 

The first correction to be applied is that of reducing the tape- 
line to the standard, " standardizing " the tape as it is called. By 
sending the tape to the National Bureau of Standards at Washing- 
ton, I). C, a statement may be had of the length of the tape com- 
pared with the standard. For this service a small fee is charged. 
For an additional fee a statement may be had of the temperature 
and pull at the ends for which the tape is a standard. 

As the length of a steel tape varies with the temperature, one 
of the most uncertain elements in the measurement of a base with 
the steel tape, is the change in the length of the standard due to 
changes of temperature. Corrections, therefore, must be made for 
every tape- length as derived from readings of one or more ther- 
mometers applied to the tape in the course of measurement. 

Steel expands .OOOOCMJB^^.H) of its length for each degree 
Fahrenheit. This decimal multiplitHl by the average number of 
degrees of temperature above or below fi2 degrees at the timie of 
the measurement, gives the proportion by which the base is to be 
diminished or extended on account of temperature changes. This 
correction is applied usually by obtaining with great care, the 
mean of all thermometer readings taken at uniform intervals of 
distance durincr the measurement. 
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The data for the correction for inclination of base are obtained 
by a careful line of spirit-levels over the base-line. In the course 
of this leveling, elevations are obtained for every plug upon which 
the tape rests. The result of this leveling is to give a profile 
showing rise or fall in feet or fractions thereof between the points 
of change in inclination of the tape-line. From this and measured 
distances between these points, the angle of inclination is com- 
puted by the formula 

sm = — =j- 

In which D ia the length of the tape or measured base : 

and // is the difference in height of the ends of tape or 

measured base, expressed in feet. 

is the angle of slope expressed in minutes. 

The correction in feet to the distance ia that computed by the 

equation 

sin' r 
Correction = D — 6^ 

An ajyproximate formula for reducing distances measured 
upon sloping ground to the horizontal is expressed by the rule : 
Divide the square of the difference of level l)y twice the measured 
distance, subtract the quotient thus found from the measured 
distance, and the remainder equals the distance required ; thus 

^ = D - ''"' - 

in which <1 equals the horizontal or reduced distance. 

When the base measurement is made with steel tape across 
country, and accordingly is not supported in t?very part of its 
length, there will occur some change in its length, due to sag. As 
previously explained, the ta[)e should be rested upon supj)ort6 not 
less than 50 feet apart. With supports placed even this short dis- 
tance apart, however, a change of length will occur between tlu^m, 
while even greater changes will occur should one or more supports 
be omitted as in crossing a road, ravine, etc. Since ta})es are 
standardized by laying them upon a flat standard, it is necessary 
to determine the amount of shortening from the above causes. 
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The followincr reduction formulae apply : 

I^t ir = weight })er unit of length of tape : 
t = tension aj»plied 






n =^ number of sections into which tape is divided by 

8up|)orts. 
/ r= length of any section 

L = normal length of taj)e or right-line distance be- 
tween n marks when under tension : = iU ap- 
proximately. 
If a laj)e be divided by equidistant supports, the diiference in 
distance Initween the end graduations, due to sag, or the correction 
for sag = ill J becomes 

If one or more supports are omitted, then the omission of m 
consecutive 8up[K)rts shortens the taj)e by 

-].- ^n {Ni -I 1) {„i + 2) a'P: 

when / is the length of the section when no supports are omitted. 
K.raniplf. Let it = iS \ I = 50 feet ; ir =. .01+5 = weight 
in pounds per foot found by dividing whole weight of tape by 
whole length ; ^ = 20 pounds. 

,/ = - /|.^ (/''^') = 0.0162 feet, 

which is the aniount of shortening of each tape-length. This cor- 
rection is always negative. 

If there had been SO full ta}>e-lengths in measured base-line, 
the total corrections for sag would be SO X .0162 = 1.393 feet. 

THE PLANE-TABLE, 

Construction. The plane-table consists essentially of a draw- 
ing-board mounted upon a tripod, lliis board is usually twenty- 
four by thirty inches, constructed in sections to prevent warping; 
it is attached to the tripod by a three-screw leveling base arranged 
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to permit the board to be turned in azimuth and to be clamped in 
any position. 

The instrument is designed to at once sketch in the field, to 
scale, the lengths and relative directions of all lines and the posi. 
tions of objects to be included in the survey. For drawing 
straight lines, a steel ruler is provided upon which is mounted at 
each end, a pair of oj)en sights like those of the compass, or, a tele- 
scope is mounted at the center of the ruler, fitted with stadia 
wires, a vertical arc and a longitudinal striding level. The eye- 
piece should be inverting, and whether the open sights or the tele- 
scope is used, the line of sight should always be parallel to the 
edge of the ruler. The straight edge with the attached telescope 
or open sights is called the alhlatlt. 

For leveling the instrument, two cylindrical levels, at right 
angles to each other, are mounted upon the alidade and either an 
attached or detached compass is ])rovided for determining the bear- 
ing of lines. 

For attaching the pa|)er to the board, various devices are 
jised. One consists of a roller at each end of the table upon one 
of which the paper is wound up as it is unrolled from the other, 
the edges of the paper being held close to the board by 8j)ring 
clips. This arrangement j)ermits the paper to be used in a con- 
tinuous roll and to be tightly stretched over the board. The use 
of the continuous roll of paper is undesirable, however, and 
separate sheets of proj)ersize should be used, attached to the board 
and held firmly in place by the spring clips provided with the 
instrument. The use of thumb-tacks should be avoided. 

Under the most favorable conditions, the jjlane-table is a very 
awkward instrument and difficult to handle, but it is admirably 
adapted to filling in the details of a topographical survey. For this 
purpose it is the standard instrument of the United States (ieo- 
detic Survey and is also largely used by the United States (Geolog- 
ical Survey, It cannot be used on dainpor very windy days and is 
not therefore, of as general utility as the transit and stadia. 

Fig. 124 shows one form of construction of the jjlane table 
with leveling screws and Fig. 124<f shows a ])lane table with a much 
simpler form of leveling head. This latter was designed by Mr. 
W. D. Johnson and has received the approval of the to|K)graphers 
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of the United States Geological Survey. The whole arrangement 
ifl very light, but does not permit of rs elose leveling as does the 
UBual form wilh leveling screws. 
Adjustments. 

Ist. Tn il.f.rv.hu: irluth.-r tl>,: t-.lijc of tU. Tuh:r is xfmujAt. 




Place the rnler upon a smooth surface, and draw a Hue along its 
edge, and also lines at its ends. Reverse the niler ou these lines, 
and draw auother tine along its edge. If these two lines cnint'iile, 
the ruler is straight. 
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2nd. To make the j>lam of the talle hmzontnl irheit th<- 
bubbles are in the center of the tubes, AsBUiinng tlie table to be 
plane, set the alidade in the middle of tbe table, level by means of 
the leveling acrewa, draw lincB along the edge and ends of thu 
ruler, and reverse t^ie alidade on these lines. It the bubbles 
remain in the centerof the tuliea. they are in adjustment. If they 
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do not, correct one-half of the error by means of tliu leveling 
screws and the remainder by means of the c!i])>itan-hertded screws 
of the level tnbes. Repeat the operation until the bul)liles remain 
in the center of the tnbee in both positions of the alidade. 

3rd. To make the line of c/h'/iiatioii. pt'i-jHiu/Jcui'ir to M, 
horizontal axis of the teltscoj/e. 
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I^*\el tile bible and point the telescope towards some small 
and well-delined object. Remove the screws which confine the 
axis of the telescope in its bearings, reverse the telescope in its 
bearings, that is, change the axis end for end, being carefal not to 
disturb the y)ositi()n of the alidade upon the table, and again sight 
upon the same objtKit. If the intersection of the cross hairs bisects 
the object, the adjustment is complete. If not, correct one-half 
of the error by means of the horizontal screws attached to the 
reticle. Sight on the object again and repeat the operation until 
the line of collimation will bisect the object in both positions of 
the telesco|H*. 

4th. Tit )nal'e thf' line nf onlUmatioih pantUel to theaxianf 
tit*' huhhie ttih*\ 

Attach the longitudinal striding level to the telescope and 
carry out the adjustment by the "I)eg" method as de8cril)ed for 
the transit. 

5th. l^o make th*' horizontal arts of the telescope jHtrallel to 
til*' pht}n^ of the tahh'. 

Level the table and point the telescope to a well-defined mark 
at the top of some tall object, as near as possible consistent with 
distinct vision. Turn the telescope on its horizontal axis, and 
point to a small mark at the base of the same object. Draw 
lines on the table at the edge and ends of the ruler. Keverse 
on these lines, point the telescope to the lower object and turn the 
telescope u])on its horizontal axis. If the line of collimation again 
eovers the higher point, the adjustment is complete. If it does 
not, correct one-half of the error bv means of the screws at one 
end of the horizontal axis. 

<)th To make the vrrtieal aer or circle read zero when- the 
line of colli tnation /.'? hori.Z(*nt(fL 

I^evel tlie table and measun^ the angle of elevation or depres- 
sion of sonu^ object. Keniove the table to the object, level as 
before, and measure the angle of depression or elevation of the 
first point Half the diffidence, if any, of the readings is the 
terror of the adjustment. Correct this by meiins of. the screws 
attach(Hi to the vernier plate, and repeat the operation until the 
angles as read from the two stations are equal. 
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Use. The plane-table is used for tlu» iinnie(iiate mapping of 
a survey made with it, no angles iuMng nieasun'd, hut the direction 
and length of lines being jilotted at once, uj)on the paper. The 
simplest ease is the location of a number of points from one central 

point, called the method of radi- 
ation. The table is '-set up'' so 
that soine convenient point u[)on 
the paper is o\*.i'a selected spot 
u]K)n the ground and is then 
clamped in azimuth. Mark the 
point upon the table by sticking a 
needle into the board. Now bring 
the edge of the alidade in contact 
with the needle and swing it 
around until the line of sight, 
which is parallel to the edge of the ruler, is directed to the point to 
be located. Having determined the scale of thejHat, aline is drawn 
along the edge of the ruler to scale, equal to the distance to the 
desired point, such distance having been measured (Mther with the 
tape or stadia. In the same way locate all of the other points, 
which may include houses, trees, river banks, etc. If the plane- 
table is set up in the interior of a field at a j>oint from which all 
of the corners are visible, the corners can be thus locattMl and after 
being connected, there results a 
plot of the area. Instead of occu- 
pying a point in the interior of the 
field, one corner may be selected 
from which all of the others are 
visible, or a point outside of the 
field may be chosen from which to 
measure the lines to the several 
corners. Evidently from such a 
survey, data is lacking from which 
to calculate the area, and either 
the map must be scaled for addi- 
tional data or the area measured with the planimeter. 

The Fig. 125 illustrates the method of surveying a closed 
area by the method of radiation. The plane-tai)le is at the |H>int 
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" azA dra-Brr. :«.i in rXAiiirtrrate^i ?<-siIr. The arva<7iod^ represent ina 
to ccalr. :':-- iiT*fS^ ABr DEL I: may be desirable to set up the 
table a: r**::.*:- other p>ini. as for instance one of the comers of the 
Held, and rnn on: some of the lines to the other comers as a check 
u\*r,:, ::if work. 

Traversing, or the Method of P rog r ess ion, This method is 
prac:icariV :iir same as the method of surveying a series of lines 
with the transit, but re^^uires that all of the points be accessible. 
It is the bf?: iiie:h«>i of workincr as it provides a complete check 
iipii.iii rhe surv-.-y. 

Let ABCDE. Fig. 12»5, be the 
series of lines to be surveyed by 
fr*ri%r*f'htj. Set up the table at 
B. the second angle of the line. 
j:o that the point b upon the paper 
will be directly over the point 
B vpon the ground. |^ The point 
/' should be so chosen as to leave 
room upon the paper for as much 
of the traverse as possible.) Stick 
a needle at the point b and place 
the edge of the alidade against it. Swing the alidade around until 
the line of sight covers the point A. Measure BA and lay it off to 
the projK^r scale as ba. Now turn the alidade around the point b 
and sight to and measure the distance BC and plot it to scale as be. 
Remove the instrument to /' with the point c upon the paper directly 
over C upon the ground, and r7t in thedirection of CB. Thisisdiffi- 
eult to accomplish with the plane-table, but if the plot is drawn to 
d large scale, it must be done. If the plot is drawn to a small scale, 
it will l)e sufficiently accurate to set the table over the point C as 
nearly as possible in the proper direction and then turn the board 
in azimuth until b is in the direction of B. Stick a needle at ^ and 
(!heck the length of rh. Swing the alidade around c until the line 
of sight covers D, measure CD and plot cd. Remove to D'and 
proceed as before and so on through the traverse. 

If the survey is of a closed field, the accuracy of the work 
will be checked by the closure of the survey. 
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The method of progression is especially adapted to the survey 
of a road, the banks of a river, etc., and often many of the details 
may be sketched in with the eye. 

When the paper is tilled, put on a new sheet, and on it, fix 
two points, such as D and E, which were on the former sheet and 
from them proceed as before. The sheets can afterward be united 
so that all points on both shall be in their true relative positions. 

riethod of Intersection. This is the most rapid method of 
using the plane-table. Set up the instrument at any convenient 
point, as A in Fig. 127 and sight to all the desired points as D, E, 
F, etc., which are visible, and draw indefinite lines in their direc- 
tions. Measure any line as AB, B being one of the points sighted 
to, and plot the length of this line upon the ])a[)er to any convenient 
scale. Move the instrument to B so that h upon the pa])er will be 
directly over B upon the ground, and so that ha upon the paper 
will be in the direction of BA upon the ground as explained under 
the method of progression. Stick a needle at the point h and 
swing the alidade around it, sighting to all the former points in 
succession, and draw lines in their direction. The intersiH^tion of 
these two sets of lines to the several points will determine the 
position of the points. Connect the jx)ints as d^ e^f, y, in the 
figure. In surveying a field, one side may he taken as the base 
line. In choosing the base line, care must be exercised to avoid 
very acute or obtuse angles: *iiT and 150^ being the extreme limits. 
The impossibility of always doing this, sometimes renders this 
method deficient in precision. 

TOPOGRAPHICAL SURVEYING. 

A topographical map is one showing the configuration of the 
surface of the ground of the area to be ma})ped and includes lakes, 
rivers, and all other natural features, and sometimes artificial 
features as well. 

A topographical survey is one conducted for the pur])0se of 
acquiring information necessary for the production of a toj>ogrjiph. 
ical map of the area surveyed. 

Nearly all engineering enterprises involve a toj)Ographical 
8iir?ey more or less extended, depending upon the nature and 
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importance of the contemplated work. The conatruetion of an J 
important building may in rot vt; a Burv<jy of the foundation Bita| 
to determine the amount of cat and till ; the construction of a i 
bridge will involve a hydrographic survey of a body of water to 
acquire information in regard to direction and velocity of current, 
depth of water, nature of bottom, and projier eite for piers and 
abutments. A jiroposed railroad will not only involve a survey 
of the line itself, but a topographical survey extending from 200 
to 400 feet upon each side. The design of a sewer system or a 
waterworks system, dams, ■'eservoirs, canals, irrigation channels, 
tunnels, etc , all involve topographical surveys. 

In what follows it is intended to outline the methods of con- 
ducting field operations, based partly upon the nature and iiD|>or- 
tance of the problem involved, and partly upon the instruments 
used. The different methods of representing t^jpography and the 
involved drafting-room work will be fully treated in Topographical 
Drawing. 

The tield operations, in so far as the mctboda and instruments 
are concerned, may be classified as follows : 

1. Sketching by the eye, without or with the tnpe lor measuring dJB- 

2. Sketching with the aid of the Iiocke hand-level or clinometer, hori- 
zontal distances heing measured either by pacing or with the tape. 

3. DetertniniiiK the elevation ot points with the wye-level, horizontal 
digtanceB being det«rmined either with the stadin or tape. 

i. Determining points with the transit and stadia. 

5. Topographical sketching with the plane-table and stadia, 

6. Photography. 

7. Triangulation. 

It is evident that the first method la entirely lacking in accQ- 
racy, and such work should be done only when s|]eed is the most 
important consideration, only the roughest approximation to the 
topographical features being attempted ; contour liues cannot be 
located. Work of this nature is of value principally for purposes 
of promoting an enterprise ; artistic, showy plates being desired. 
Little can be said descriptive of the manner of carrying out the 
field work, since this will require considerable artistic ability as 
well as the ability to "see" things and est'-jiate distances. Com- 
paratively few men jwssess the ability to carry out topography of 
thia nature. It necessarily follows that the work must be done 
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entirely by sketching in the field, and for this purpose the 
following equipment is needed : 

2 or 3 medium pencils, kept well sharpened. 

Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper, 14" X 14". 

One light drawing board, 15" X 15". 

A pocket compass will be useful in determining the ber.ring 
to prominent objects to tie in the stations of the survey. A Locke 
hand-level or Abney clinometer will also be useful for finding 
approximate heights, and either of these instruments can be 
readily carried in the pocket. It will ])e more convenient to have 
the paper cross-ruled into one-fourth inch squares, the center line 
being ruled in red, but if drawing paper is used, it will be neces- 
sary to add an engineer's scale to the equipment. The hack of 
the drawing board should be fitted with a leather pocket, with flap 
and button, in which the blank sheets and the finished topographic 
sheets should be kept. A strap attached to the board and to go 
over the. shoulder, will prove a great convenience. A waterproof 
cover should be provided to protect the board and sheets in case 
of rain. 

A compass or transit survey forms the backbone of the topog- 
raphy, and the sketching should include an area upon each side of 
the line so surveyed, and running parallel with it. 

A separate sheet should be used for each course (by course is 
intended the straight line from one turning point to the next), no 
matter how short it may be. Begin at the bottom of the sheet 
and sketch the topography up the sheet, that is, in the direction 
of the progress of the survey, and number the sheets in order. 
Begin each new sheet with the same station that ended the f)reced- 
ing sheet. After the field work is completed, the sheets can be 
laid down in order, the angles between their center lines corre- 
sponding to the deflection angles as given by the transit notes of 
the survey. The topography can now ])e traced upon tracing cloth 
in a continuous sheet. The method above outlined will result in 
a saving of time, especially in working up the topographic plat. 

The second method commends itself in connection with a 
preliminary survey of a highway, steam or electric road, irriga- 
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tion channels, canals, etc. The equipment should be as follows : 

1 or 2 straight edges^ about 12 feet in length. 
1 or 2, KXVfoot steol tapes. 
1 or 2 plumb-bobs. 

1 pocket compass. 

2 or 3 medium pencils, kept well sharpened. 
Rubber eraser. 

* Thumb-tacks. 

Several sheets of drawing paper or cross-section paper, 14" X 14". 
One light drawing board, 15" X 15" with waterproof cover. 

The' topographic party should be made up of the topographer 
and one or two assistants, depending somewhat upon the nature of 
the survey and the country traversed. If the country permits of 
rapid progress of the transit and level party, two assistants will be 
necessary to keep the topography abreast of the survey. Rapid work 
may, however, be done with one assistant, provided the topography 
does not extend more than 200 feet each side of the transit line. 

The Abney clinometer is well adapted for this class of work, 
on account of its portability, which is an important item 5n a 
rough country with steep side slopes. It can be used in the same 
way as the Locke hand-level, if necessary, but is a more generally 
useful instrument, as is described in Part 1. The straight edge 
should be of well-seasoned, straight-grained material, as light as 
possible, but so constructed as to prevent warping. It should be 
divided into spaces of one foot each, painted alternately red and 
white. The tapes should be of band steel, as they are subjected 
to rough usage, and they should be divided to feet and tenths at 
least. A plumb-bob is necessary for plumbing down the end of 
the tape on steep slopes. The poc'ket compass is a necessary 
adjunct in work of this character. The drawing paper should 
y)referably be cross-section paper ruled into one-fourth inch squares 
with a heavy center line in red, but if ordinary drawing paper is 
used, it will be necessary to include in the outfit an engineer's 
scale, by means of which distances may be platted upon the sheet. 
Enough of these sheets should be carried to cover a day's work, but 
no more. The drawing board should be fitted up as described 
under the previous method. 

Method of Procedure. The transit line furnishes, of course, 
the backbone of the survey, and the topography will be taken for 
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the proj)er distance upon each side of this line, by locating points 
both as to distance and elevation, upon |)erpendicular8 from the 
transit stations. In rough country, it may he necTsaary to locate 
these points intermediate between the transit stations. Befoie 
starting out U[K)n a day's work it is necessary to procure from the 
level party, the elevation of the transit stations, or if the to|K)g- 
raphy keeps pace with the transit survey, theeh^vation may be ob- 
tained from the leveler at each station. For points intermediate 
l>etween transit stations, the elevations may be gotten closely 
enough with the clinometer or hand -level. The num]>er of each 
station as well as its elevation, should be noted upon the topo- 
graphic sheet, and the topogra])hy will include the Iwation of 
ccmtour lines, at proper vertical intervals, as well as all streams. 
lakes, property lines, etc. An examj)le showing tho metliod of 
keeping the iield notes, will at the same time best serve to explain 
the methods of conducting the survey. 

Beginning with station i) at the bottom of the sheet, the 
number and elevation of the station are noted. See Fig. 12S. 
Sending the assistant out upon one side of the transit line and at 
right angles thereto, he holds the rod at jK)ints to be designattnl ])y 
the topographer, the distances to ha determined by pacing, or with 
the tape, and the elevations determined either by sighting upon 
the rod with the clinometer, or by laying the straight edge upon 
the ground at right angles to the line and applying the clinometer 
to it to determine the 8lopt», from which elevations can at once be 
determined. Contour jK>ints are then readily interpolated and the 
distance out platted to scale upon tiie sheet and a note made of tho 
elevation of tho contour lines. If a lake or stn»am intervenes 
within the limits of the topographic survey, determine the distance 
to and elevation of the siiore line and ])lat upon the bhet4. Deter- 
mine points upon the other side of the transit line in the same way. 

If one or more contour lines cross the transit line between 
Stations, determine the }>oints of crossing and plat tiie points u{)on 
the sheet, to scale, as shown between stations and 1. It will l»e 
noticed in this case that the elevation of station 0, is 138 feet and 
of station 1, is 141 feet. If contours are to be taken at vt»rtical 
intervals of five feet, it is apparent that the l-tO-foot contour line 
most cross the transit line between these stations. If the slope of 
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Fig. 138, 
tlie frroiinti is iinirorni. the point of croBaing may be taken at two- 
tliirdR of the distance from tu 1. Otherwise, locate the point 
with the ciinomettT. 
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Fig. 128. 
Now go to station 1 and loi'iiti' 'rontuiir {luiiitH iiikI other 
topographic fuaturoB aa l)efore described, tind coiinfct {loiiits in the 
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same contour line, sketching in the curve of the line with the eve. 
Tse a separate sheet for each |K)rtion of the transit line from turn- 
ing point to turning point; this will require that the turning 
points apj)ear upon two consecutive sheets. Likewise, if the length 
of the line between turning points is too long to be platted upon a 
single sheet, begin the second sheet with the same station that 
completed the lirst sheet and so continue throughout the survey. 
As each sheet is con)[)leted, numl)er it and return to the pocket on 
the back of the drawing board. The pocket comjiass should l>e 
used for determining the bearing of pro[)erty lines, roads, streams, 
etc., crossed by the survey, and to take the bearings to prominent 
objects. 

The topogra|)hic sheets should be tiled away in such a manner 
as to make them easily accessible at any time, as the engineer in 
charge of the transit survey may wish to consult them from time 
to time. The office work of preparing the topographic plat can be 
very exj)editiously carried out as before described. 

The use of the wye-level as a topographic instrument is 
limited, but for certain kinds of work the instrument is the most 
satisfactory, as for instance, the survey of a dam-site; the survey 
of a reservoir- site; the survey of a town preparatory to planning 
sewer and waterworks systems and the planning of street pave- 
ments. 

The instrument should be fitted with stadia wires for measur- 
ing horizontal distances, and this will usually prove a great conven- 
ience, resulting in saving of both time and expense. A steel 
tape should, however, be included in the equipment for field work, 
for the pur])03e of checking measurements with the stadia. In 
addition to the above there should be provided, the following 
equipment: 

Self-reading level rod, capable of being read to hundredths of a foot. 

Hatchet. 

Marking crayon. 

2 or 3 medium pcincils, kept well sharpened. 

Plumb-bob. 

Rubber era.se r. 

Portable turning point. 

The method of using the level rod in connection with the 
stadia for measuring distances has been fully discussed in Part II. 
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The portable turning point will prove of great convenience 
and may be made from a triantrnlar ])iece of thin steel, with the 
corners turned down to project about one inch. 

If the level is to be used with the tape, the party will be 
made up of the levelman, two tapenien and a rod man, unless the 
nature of the work will j)ermit of the rod man carry intj the rear 
end of the tape. If the stadia is used for measurincr dji^tances, 
only the rodiuan will be required in addition to the levelman. 
The levelman carries the note book and enters into it all rod 
readinijs both for elevation and distances. These notes should b(i 
entered upon the left-hand page, the right-hand page being re- 
served for notes and sketches, which should be as full as possible. 
The levelman should cultivate the practice of calculating the ele- 
vations of the stations as the work progresses, at least of the 
turning points and bench-marks, in order that the results may he 
checked and errors discovered at once and corrected. If this work 
is left to be afterward carried out in the otHce, errors may l)e dis- 
covered that may require considerable time to locate and cornH*t. 

If the area to be surveyed is, for instance, a reservoir site, it 
will be found most convenient to cover the area with a system of 
rectangles as shown in the figure, the parallel lines being spaced 
from 200 to 400 feet a{)art as may be most desirabl(\ These lines 
should be run in with the transit, stakes beincr set at the inter- 
sectiODS of the cross lines, or if the area is not very extendi d and 
is comparatively level, by means of the level itself, the perpen- 
dicular distances between the parallel lines ])eing measured with 
the tape. 

These lines having been laid down, the next step is to estab- 
lish a system of bench-marks over the area. Begin by establishing 
a ** standard'' bench-mark at some central point upon a permanent 
object, easily identified, and from thenct* radiate in all directions, 
returning finally to the original bench-mark for purposes of 
checking. Having located and satisfactorily checked the bench- 
marks, begin by running the level over all the lines running in 
one direction, as from A to B, back from ( ■ to D and so on, taking 
rod readings at every fifty or one hundred feet, in addition to the 
readings at the stakes at intersections of cross lines. It is to be 
understood that stakes are not to be driven at the intermediate 
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points. Next run the level over the lines at right angles to the 
former ones and in the same way, checking the levels at inter- 
sections. Advantage should be taken of every opportunity to 
check upon bench-marks previously located, and to establish 
others. 

In keeping the field records, the notes of the two sets of lines 
should be kept in separate books ; that is to say, if, for instance, 
one set of lines run north and south, and, therefore, the other east 
and west, the notes of the north and south lines should be entered 
in one set of books and the notes of the east and west lines in an- 
other set, and a note should be made of the direction in which a 
line is run, as from north to south or from east to west. 

In conducting a survey for the preparation of a topographical 
niaj) necessary to the design of a sewer or waterworks system, 
much the same method is to be followed, but now the streets and 
alleys take the place of the rectangular system referred to above. 
As before, all the streets and alleys running in parallel directions 
are to be gone over in a systematic way, readings being taken fifty 
or one hundred feet apart in addition to street and alley intersec- 
tions. (By street and alley intersections is intended the intersec- 
tions of the center lines, the lines of levels being run along these 
center lines.) If a fairly accurate map of a town is available, the 
distances measured with the tape along the center line of the streets 
and alleys will serve as a check upon the map. If, however, dis- 
crej)ancies occur or there is no map available, it will be necessary 
to use the transit for staking out street lines and for determin- 
ing the relative directions of these lines. It follows that the 
topography of the ground between streets and alleys can only be 
approximated, but sutticient points accurately determined will 
have been established to permit the platting of a contour map, 
from which the system can be laid down. 

The olHce work involved in the survey of an area, as above 
described, consists in preparing profiles of the level lines and pre- 
paring a plat of the lines surveyed. From the profiles the contour 
points can be laid down in their proper position upon the plat, and as 
each point is laid down, its elevation should be noted in pencil, and 
after all the points have been platted, the points in the same contour 
line can be connected — preferably free-hand — producing the con* 
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toop map. The scale to be adopted will dejM^nd upon the nature 
of the work, but should be as large as |)OssibIe, consistent with the 
oonvenient handling of the map. 

Transit and Stadia. The method by transit and stadia is of 
more general application than the preceding method, points being 
located by '" polar co-ordinates," that is to say, by direction and 
distance from a known point, the elevation being determined at 
the same time. 

Mettled of conducting field operations. If the area to be sur- 
veyed is small, the preceding method, based upon a system of 
rectangles, will prove satisfactory, and the elevations of the corners 
and salient points can be determined at the same time that the 
lines forming the rectangles are being laid down. Especial care 
should be taken to check the elevations of the corners. 

In making a survey for a sewer or a waterworks system, the 
transit and stadia method will be found eiilcient, especially in cases 
where no survey has previously been made, the map, if it exists at 
all, having been compiled from the records in the Oounty Record- 
er's oiBce. The bench-marks necessary in a survey of this kind, 
however, should be established with the wye-level, and it ;nav be 
desirable to determine the elevation of street intersections in the 
same way. 

If the area to be surveyed is too large, or of uneven topography, 
proceed as follows: Choose a point, as the intersection of two 
streets, the corner of a farm, or an arbitrary point conveniently 
located and drive a stake tirmiy at this point, ^^ witnessing '' 
it from other easily recognized {)oints or stakes. The transit should 
be set over this point with the vernier reading zero, and the instru- 
ment pointed by the lower motion in the direction of the nuTidlan. 
This may be the true meridian previously determined, the mag- 
netic meridian as shown by the needle, or an arbitrary meridian 
assumed for the purpose of the survey. It will generally be more 
satisfactory to run out a true meridian by means of the solar 
attachment, but in any event the direction of the line taken as a 
meridian should be defined bystakes, firmly driven into the ground. 
and '^witnessed" by stakes or other objects easily recognized. 
The elevation of the starting point, if not known, is assumed and 
recorded io the notebook. A traverse line should now be run, its 
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position and direction chosen with a view to obtaining from each 
station the largest possible number of pointings to salient features 
of the area under survey, and these pointings are taken while the 
instrument is set at any station, and before the traverse is com- 
pleted. 

The lenorth of each course is measured with the stadia, and 
together with the azimuth and the vertical angle, it should be 
recorded in the notebook. The length, azimuth, and vertical angle 
of each course should be read from both ends to serve as a check. 
The additional pointings taken from each course of a traverse are 
usually called '' side shots", and for each there are required the 
distance, azimuth, and vertical angle. These will locate the point 
and determine its elevation. 

The method of using the stadia has already been quite fully 
discussed in Part II., and need not be repeated. 

The points selected for side shots should be such as will 
enable the contours to be platted intelligently ai^d accurately upon 
the map of the* area under survey. They should be taken along 
ridges and hollows and at all changes of slope. They should be 
taken at frequent intervals along a stream to indicate its course, 
or along the shore of a lake. It is usually required that the 
location of artificial structures, such as houses, fences, roads, etc., 
be determined that they may be mapped in their proper position. 
Pointings, therefore, should be taken to all fence comers and 
angles, and to enough corners and angles of buildings, to permit 
of their being platted. Sufficient points should be taken along 
roads to determine their direction. Wooded lands, swamps, etc., 
may be indicated by pointings taken around their edges. In 
addition to the notes above described, the recorder should amplify 
the notes with sketches, to aid the memory in mapping. 

The traverse, of course, forms the backbone of such a survey, 
and the accuracy of the resulting topographical map will depend 
upon the degree of care bestowed upon running the courses. 
( )ver uneven ground, it is often desirable to run a secondary trav- 
erse from the first, for the more rapid and accurate location of 
points. 

llie organization of a party will depend upon the nature 
of the country traversed and of the results required. Changes in 
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the make-np of parties, as given below, will suggest themselves 
for any special work. 

For economy and speed, the party for taking topography with 
transit and stadia will consist of a transitman or observer, a 
recorder in charge of the notebook, who should be capable of making 
such sketches as are necessary, and two to four men with stadia 
rods. The greater the distances to be traversed by the stadia men 
between points taken, the greater number tlie observer can work 
to advantage. One or two axemen may he employed if clearing 
is to be done. 

The party may be reduced to two men — one to handle the 
instrument, record notes and make sketches, tlie other to carry the 
rod. 

The Plane Table and Stadia. The plane table is an instru- 
ment intended for topographic purposes only and is used for the 
immediate mapping of a survey made with it, no notes of angles 
being taken, but the lines being platted at onee upon tlie paj)er. 
The use of the plane table has been fully described. In topo- 
graphical work over an extended area, it may be used for filling in 
details, based upon a previous traverse made with a transit, or 
based upon a system of triangulation as will be described. Over 
small areas, the traverse itself may be run with the plane table 
and the details filled in at the same time. It is the standard in- 
strument of the United States Geological Survey and is largely 
used upon the United States Geodetic Survey. 

The points in favor of the plane table are : p]conon)y, since 
the map is made at once without the expense of notes and sketches, 
and as the mapping is all done upon the ground to be represented, 
all of its peculiarities and characteristics can be correctly repre- 
sented. 

On the other hand, the plane table is an instrument useful 
only for taking topography ; the rodnien are idle while the map- 
ping is being done ; the instrument is more unwieldy than the 
transit, particularly upon difficult ground ; the record of the work 
for a long period is constantly exposed to accident ; the distortion 
of the paper with the varying dampness of air, intrmluces errors 
in the map ; while the area exposed makes it too unstable to use 
in high winds. 
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The organization of a party for the taking of topography, 
ii8ing the plane table, is much the same as with the transit and 
stadia ; however, on account of the weight of the instrument, 
means of transportation must be provided. 

A less number of rodmen can be employed than with the 
stadia, owing to the time required for mapping. 

An observer, a man to re<luce stadia notes and sketch topog- 
raphy around points determined by intersection or stadia from 
the ])Iane table station, and one rodman, will make the minimum 
working party, in addition to w^hich, axemen and a team for trans- 
portation will be required. 

Photography. The following is taken from Gillespies Sur- 
veying (Staley). 

*' Photography has long been successfully employed by 

European engineers, notably those of Italy, for the purpose of 

taking topography. The Canadian Government has also employed 

it successfully in the survey of Alaska. 

The recommendation of this method is the great saving of 
time in the field, while giving topographic features with all the 
accuracy required for ma])s to be platted on a scale of 1 to 25,000. 

-M. Javary states that the maximum error both for horizontal 
distances and elevations, using a camera with a focal length bf 
twenty inches and a microscope in examining the points, was 
only 1 in 5,000 as deduced from a number of cases. 

^L Laussedat, in his work, found that this method did not 
require more than one-third the time necessary by the usual 
methods. 

This makes it especially suitable in all mountainous regions, 
where so much time is lost in getting to and from stations, that 
little is available for observations and sketching. 

A single occupation of a station with photographic apparatus 
would BuHice to complete work that with the ordinary methods 
would re(juire several days." 

Instruments. The ordinary camera may be used, if it is pro- 
vided with a level. A tripod head for leveling the instrument, 
and a roughly graduated horizontal circle for reading the direction 
of the line of sight, when photographing different parts of the 
liorizon, are convenient attachuients. 
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A camera is sometimes used upon a plane table, the record 
of the work being made u|K)n the paper in connection with a set 
of radial lines drawn from the point representing the station 
occupied. 

Many special fprms of instrument combining the camera and 
theodolite have been devised, some one of which should be used 
if work of this kind is to be undertaken on a larire sciile. For a 
description of these instruments, and a complete treatise on this 
subject, comprising a discussion of the requirements of the ajjpa- 
ratus, the fundamental principles of photograj)hy, methods of field 
work, forms of notes, reduction of notes and making of the map, 
together with the bibliography of the subject, see United States 
Coast and Geodetic Survey Keport, 1893, Part II., Appendix 8. 

The camera tripod as ordinarily constructed is too unstable 
for purposes of topographic surveying, and it is desirable to have 
a tripod constructed especially for this class of work. Glass plates 
are heavy and awkward to carry aside from their fragile nature. 
Cut films can be procured in any of the standard sizes, and as 
they are light and stand rough handling and give ordinarily as 
good results as the glass ])lates, they are to be preferred. Their 
cost is about double that of the glass. 

TRIANQULATION. 

This method of surveying is sonietinu^s called *• Trigonometric 
Surveying" and sometimes ''Geodetic Surveying", though this 
latter is properly applied only when the area to be surveyed is so 
extensive that allowance must be made for the curvature of the 
earth. Since this instruction paper is devoted to Plane Surveying 
only, the curvature of the earth will be n(»glected. 

Triangulation, or Triangular Surveying, is foundt^d u|K>n the 
method of determining the position of a point at the api'x of a 
triangle of which the base and two angles are measured. Thus in 
Fig. 129 the length of the base .ine AO is measured an<l the 
angles PAB and PBA are measured, from which can bo calculated 
the lengths of the sides PA and PB. This calculated length of 
PA will then be taken as the side of a second trianghs and the 
angles PAC and PCA measured, from which tht^ other sides of 
tlie triangle can be calculated. By an extension of this principle, 
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a field, farm, or a country can be anrvejed by measnriDg a base 
line only, and calculating all of the other desired distances, which 
are made the sides of a connected series of imaginary triangles 
whose angles are carefully measured. 

Measuring the base line. For 
a base line, a fairly level stretch 
of ground is selected, as nearly as 
possible in the middle of the area 
to be surveyed, and a line from 
one thousand feet to one-half mile, 
or longer, is very carefully meas- 
ured. The ends of this line are 
marked with stone monuments or 
solid stakes. If the survey is of 
sufiicient importance, the ends of 

the base line and the apexes of the 
Fig. 129. ' 

triangles should be permanently 

preserved by means of stones not less than six inches square in 
cross-section and two feet long, these stones being set deep enough 
to be beyond the disturbing action of frost. Into the top of this 
stone should be leaded a copper bolt about one-half inch in diam- 
eter, the head of the bolt being marked with a cross to designate 
the exact point. The point may be brought to the surface by a 
plumb-line for use in the survey. The location of each monument 
should be fully described with reference to surrounding objects of 
a permanent character, so as to be easily recovered for future use. 

The measurement of the base line for the areas of limited 
extent should be made with a precision of from one in five thousand 
to one in fifty thousand, depending upon the scale of the map, 
the ext'3nt of the area under survey, and the nature and importance 
of the work. 

The two ends of the base line having been determined and 
nnu'ked, the transit is set over one end and a line of stakes ranged 
out between the two ends, especial care l)eing taken to make the 
alitriinient as perfect as possible. These stakes should be not less 
than two inches square, driven firmly into the ground, preferably 
at even tape lengths apart, or at least at one-half or one-quarter 
tape lengths, center to center; the centers should be marked by 
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fine scratches upon strips of tin or zinc tacked to the top of the 
stakes. 

For ordinary work the base line may be measured with a tape, 
notes being made of the temperature, pull, grade, and distances 
between supports, the tape having been previously standardized. 
For a degree of precision, such as is attempted upon the work of 
the United States Coast and Geodetic Survey, more refined methods 
are used, but as this properly belongs to geodetic surveying, it is 
unnecessary to consider it here. 

Measuring the angles. After establishing and measuring 
the baseline, prominent points are chosen for triangulatiori points 
or apexes of triangles, and from the extremities of the hixso line 
angles are observed to these points, care being taken to so choose 
the points that the angles shall in no case be less than 30^, nor 
more than 120^ The distances to these and between these points 
are then calculated by trigonometric methods, the instrument being 
then placed at each of these new stptions and angles observed from 
them to still more distant stations, the calculated lines being usi^d 
as new base lines. This process is repeated and extended until the 
entire district included in the survey is covered with a network of 
"primary triangles " of as large sides as possible. One side of the 
last triangle should be so located that its length can be determined 
by direct measurement as well as by calculation; the accuracy of 
the work can thus be checked. Within these primary triangles 
secondary or smaller triangles are formed to serve as the starting 
points for ordinary surveys with the transit and tape, transit and 
stadia, plane table, etc., to fix the location of minor details. 
Tertiary triangles may also be formed. 

When the survey is not very extensive, and extreme accuracy 
is not required, the ordinary methods of measuring r.ngles may be 
employed. Otherwise there are two methods of measuring angles, 
called, respectively, the method of rejK^tition and the method by 
continuous reading. W^hen an engineer's transit is used for 
measuring angles, the method by repetition is the sim])lest and 
best and is carried out as follows : The vernier is preferably set 
at zero degrees and then by the lower motion turned upon the left- 
hand station; the lower motion is then clampi^d and the instrument 
turned by the upper motion upon the right-hand station: the 
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opper motion is then clamped and the instrnment turned by the 
lower motion upon the left-hand station; lower motion damped 
and instrument again turned by upper motion upon right-hand 
station. This process is repeated as often as may be necessary to 
practically cover the entire circle of 300' and the circle is then 
read. This reading divided by the number of repetitions will give 
the value of the angle. 

Now reverse the telescope and repeat the observations 
described above, but from rn/ht to left; the readings being taken 
in both directions to eliminate errors due to clamping and unclamp. 
ing and [>ersonal errors due to mistakes in setting upon a station. 
The readings should \>e taken with the telescope both direct and 
reverse to eliminate errors of adjustments. Both verniers should 
lie read in order to eliminate errors due to eccentricity of verniers, 
and the entire circle is included in the operation in order to elim- 
inate errors due to graduation. 

The second method, by continuous reading, consists in point- 
ing the telescope at each of the stations consecutively, and reading 
the vernier at each pointing; the difference between the consecu- 
tive readings being the angle be- 
tween the corresponding points. 
Thus in Fig. 130 with the instru- 
ment at zero, the telescope is first 
directed to A and the vernier is 
read ; then to B, C, D, E, etc., in 
succession, the vernier being read 
at each pointing. The reading 
of the vernier on A, subtracted 
from that on B, will give the angle 
,,. ^ ^ AOB and so on. It is necessary 

in this method, to read both to 
the right and to the left, and with the telescope both direct and 
inverted. Since each angle is measured on only one part of the 
limb, it is necessary after completing the readings once around 
and back, to shift the vernier to another part of the limb and 
rej)eat the readings in both directions, and with the telescope 
direct and inverted. This is done as many times as there are sets 
of readings. Each complete set of readings to right and left, with 




206 



PLANE SURVEYING 199 



the telescope direct and inverted, gives one value for each an<^le. 

The lengths of the sides of the triangles should be calculated 
with extreme accuracy in two ways if possible, and by at least two 
persons. Plane trigonometry may be used for even extensive 
surveys; for though these sides are really arcs and not straight 
lines the error under ordinary circumstances will bo inappreciable. 

Radiating Triangulation. This method as is illustrated in 
Fig. 131 consists in choosing a consjncuous ])oint (), nearly in the 
center of the area to be surveyed. Otlier points as A, I^ (\ I), 
etc., are so chosen that the signal at O can be seen from all of 
them, and that the triangles ABO, I3C(). etc.. shall be as nearly 
equilateral as possible. Measure 
one side, as AB for example, 
and at A measure the angles 
OAB and OAG; at B measure 
the angles OB A and OBC; and 
so on around the polygon. The 
correctness of these measure- 
ments may be tested by the sum 
of the angles. It will seldom be 
the case, however, that the sum 
of the angles will come out just 
even, and the angles must then 
be adjusted, as will be explained '^' 

later. The calculations of the lencrths of the unknown sides arc 
readily made by the usual trigonometric methods; thus in the tri- 
angle AOB, there are given one side and all of the angles of tht» 
triangle from which to calculate A() and BO. Similarly all of 
the triangles of the polygon may be solved, and finally the length 
of OA may be measured and compared with the ealeuhited length, 
ap found from the first triangle. 

A farm or field may be surveyed by the ])reviously described 
method, but the following plan will often be more convenient : 
Choose a base line as AB within the field and measure its length. 
Consider first the triangles which have AB for a base, and the 
oorners of the field for vertices. In the triangle ACB for example 
(see Fig. 132), we measure the angles CAH and ('HA and the 
length of the base line AB We can therefon* calculate tin* length 
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Fig. 132. 



of AC and BC\ Next consider the field as made up of triangles 
with a common vertex A. In each of them, two sides and the 
Included angle are given, to find the third side. If now the point 
B at the other end of the base line be taken for a common vertex, 
a check wmU be obtained upon the work. 

A field or a farm or any inaccessible area such as a swamp, 
a lake, etc., may be surveyed without entering it. For a farm or 
any area pc^rmitting unobstructed vision, it wnll only be necessarj^ 

to choose a base line AB, from 
which all of the corners of the 
farm, or all of the salient points 
of the area, can be seen. Take 
their bearings, or the angles be- 
tween the base line and their 
directions. The distances from 
A and B to each of them can bt* 
calculated as described, and the 
figure will then show in what 
manner the content of the field 
is the difference between the contents of the triangles having A 
or li for a vertex, which lie outside of it, and those which lie 
partly within the field and partly outside of it. Their contents 
can be calculated, and their diflFerence w^ll be the desired content. 
See Fig. 133. Evidently the entire area included between the cor- 
ners of the field and the base line is the sum of the triangles A2B, 
t2B3 and 3B4. Subtracting from this sum the areas of the tri- 
angles 2A1, lAB, IBfi, 5()B and 5B4, there will remain the 
required area of the field, 123456. 

In all of the operations which have been explained, the posi- 
tion of a point has been determined by taking the angles, or bear- 
ings, of two lines passing from the two ends of a base line to the 
unknown ]K)int, but the same determination may be effected 
inversely by taking from the point the bearings by compass of the 
two ends of the base line or any two knowm points. ThjB unknown 
point will then be fixed by ])lotting from the two known points, 
the opposite bearings, for it will be at the intersection of the lines 
thus determined. 
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Tlie determination of a point by the metliod founded on tlu- 
intersection of lines, has tlie serious defect that the point sighted 
to will 1)6 very indefinitely determined if the lines wliicli lix it 
niet^t at a very acute or a very obtuse angle, which the reljitivc 
position of the points observed from and to often render unavoid- 
able. Intersections at right 
antjles should therefore be 
scnicrht for, so far as other con- 
siderations will j)ermit. 

Adjusting the Triangle. 
All of the angles of a given tri- 
angle are measured. If but two 
have been measured, and the 
third computed, the entire error 
of measurement of the two an cries 
will be thrown into the third 
angle. It will l>e found, upon 
adding together the measured angles of Ji triangh*, (lini tin' siiin of 
the thrive angles is almost invariably more or K*ss tlian IM) . Willi 
the engineers transit the error should bo Icsh tlian our niinuti'. 
If there is no reason to suppose that one anglti is nira^iin'd iihuc 
carefully than another, this error should bedividrd iMjually amon<i 
the three antrles of the triancrle, and the i-nrrntnl aimUs an- used 
in computing the azimuths and lengths of the kIcU's. This distri 
bution of the error is called "adiustinix'' the trianirlc With thr 
large systems of extensive geodetic surveys much more elalKtiatc 
niethoils are employed, since a large nunilnT of tri:in<il(.s must )»•• 
adjusted simultaneously so that they will all he geonu-tri^'allv <'>n 
sistent, not only each by itself, but one witli anothrr 
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The determination of a pmot by the method founded on the 
interse<.-liuD of lines, has the serious defect that the point sighted 
to will he very indefinitely determined if the linea whicli fix it 
meet «t a very acnte or a very obt«s« angle, which the relative 
position of the points oliservt-d from at>d to often render nnavoid. 
able. Intersections at right 
angles should therefore be 
songht for, so far as other con- 
Giderations will j-eriiiit. 

Adjusting the Triangle. 
All of the angles of a given tri- 
angle are measured. If but two 
have l>een measured, and the 
third computed, the entire error 
of iiieaaurement of the twoanHes 
will he thrown into the third 
It will be found, upon 
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adding lugether the meaiiured angles of a triangle, that the aam of 
the three angles ia almost invariably more or less than ISO . "With 
the engineer's transit the error should Iw less than one minute. 
If there is no reason to suppose that one angle ia measured more 
carefully than another, this error shonld be divided etjually among 
the three angles of the triangle, and the r.,r/t:cted angles are used 
in couipnting the aziranths and lengths of the aides. This distn- 
liUtion of th« emir la e.iJled *' adjneting "' the triangle. With the 
large apreiui. «( ^xtnain-oa geodetic Borveja much more elaborate 
niethmt- MT. -w.nl»rvrf. mtuvt • Urge naml>er of triangles iiiust h- 
■dJMiwi -■r-"iBi.imiiT — tJwt tbey will all l)e geometrically con- 
: «■« .^^ ^ d^rflC txit one with another. 
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MECHANICAL DRAWING 

PART I 



The subject of mechanical drawing is of great interest and 
importance to all mechanics and engineers. Drawing is the 
method used to show graphically the small details of machinery; 
it is the language by which the designer speaks to the workman; 
it is the most graphical way to place ideas and calculations on 
record. Working drawings take the place of lengthy explana- 
tions, either written or verbal. A brief inspection of an accurate, 
well-executed drawing gives a better idea of a machine than a 
large amount of verbal description. The better and more clearly 
A drawing is made, the more intelligently the workman can com- 
prehend the ideas of the designer. A thorough training in this 
important subject is necessary to the success of everyone engaged 
in mechanical work. The success of a draftsman depends to some 
extent upon the quality of his instruments and materials. Begin- 
ners frequently purchase a cheap grade of instruments. After 
they have become expert and have learned to take care of their 
instruments they discard them for those of better construction and 
finish. This plan has its advantages, but to do the Ixjst work, 
strong, well-made and finely finished instruments are necessary. 

INSTRUMENTS AND MATERIALS. 

Drawing Paper. In selecting drawing paper, the first thing 
to be considered is the kind of paper most suitable for the pm- 
posed work. For shop drawings, a manilia paper is freciuently 
used, on account of its toughness and strength, because the draw- 
ing is likely to be subjected to considerable hard usage. If a 
finished drawing is to be made, the best white drawing paper 
should be obtained, so that the drawing will not fade or become 
discolored with age. A good drawing pa|)er sliould be strong, 
have uniform thickness and surface, should stretcli evenly, and 
should neither repel nor absorb li(|uids. It should also allow con- 
siderable erasing without s|>oiling the surface, and it should lie 
ODOoth when stretched or when ink or colors are used. It is, of 

Copyright^ /.W^^, by AmtricuM School o/ C or res/'ond* mi. 
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course, impossible to find all of these qualities in any one paper, 
as for instanee grc»at strength eannot be combined with fine 
surface. 

In selecting a drawing paper the kind should be chosen 
which combines the greatest number of these qualities for the 
given work. Of the l>etter class ^\^latman's are considered by 
far the l)i\st. This paper is made in three grades; the hot 
pressed has a smooth surface and is especially adapted for pencil 
and verj' fine line drawing, the cold pressed is rougher than 
the hot pressed, has a finely grained surface and is more suit- 
able for water color drawing; the rough is used for tinting. The 
cold pressed doi\s not take ink as well as the hot pressed, but 
erasures do not show as much on it, and it is better for general 
work. There is but little difference in the two sides of Whatman's 
paper, and either can be used. This paper comes in sheets of 
standanl sizes as follows: — 

*ies. 



C^ap, 


13 X 17 inches. 


Elephant, 


23 X 28 inci 


Doiny, 


1") X 20 *' 


Coh nubia, 


23 X 34 •* 


MctliuMi, 


17X22 " 


Atlas. 


26 X 34 " 


Itoyal, 


19 X 24 " 


Double Elephant, 


27 X 40 '* 


SiiiKT-Hoyal, 


10 X 27 " 


Antiquarian, 


31 X 53 " 


IinpiTial, 


22 X 30 " 


Emperor, 


48 X 68 '* 



The usual method of fastening paper to a drawing board is by 
means of thumb tacks or small one-ounce copper or iron tacks. 
In fast(*ning the paper by this method first fasten the upper left 
hand corner and then the lower right pulling the paper taut. The 
otluT two corners are then fastened, and suflScient number of tacks 
are placed along tlie x^dges to make the paper lie smoothly. For 
very fine work tlie paper is usually stretched and glued to the 
board. To do this the edges of the paper are first turned up all 
the way round, the margin being at least one inch. The whole 
surface of the paper included between these turned up edges is 
then moistened by means of a sponge or soft cloth and paste or 
glue is spread on the turned up edges. After removing all the 
surplus water on the paper, the edges are pressed down on the 
board, commencing at one comer. During this process of laying 
down the edges, the paper should be strc^tched slightly by pulling 
the edges towards the edges of the drawing board. The drawing 
board is tlu^n placeil horizontally and left to dry. After the paper 
has hecoine dry it will be found to l)e as smooth and tight as a 
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drum head. If, In stretcliing, ihe paper is stretched too much it 
is likely to split in drjing. A slight stretch is sufSciciit. 

Drawing Board. Tlie size of tlie drawing board depends 
upon the size of paper. Many draftsmen, however, have several 
boards of various sizes, as they are very convenient. The draw- 
ing board is usually made of soft pine, which should be well sea- 
soned and straight grained. The grain should run lengthwise of 
the board, and at the two ends there should be pieces about Ij or 
2 inches wide fastened to the board by nails or screws. These 
end pieces should be perfectly straight for accuracy in using the 
T-square. Fre<iuently the end pieces are fastened by a glued 
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matched joint, nails and screws Ix-ing also use<l. Two cleats on 
the bottom extending the whole width of the lK>ard, will reduce 
the tendency to warj), and make the board easier to move as thoy 
raise it from the tabic. 

Thumb Tacks, 'lluimh tacks arc used for fastening the 
paper to the drawing Ixianl. They are usually made of steel 
either pressed into shaiH', as in the ehea[HT grades, or made with a 
head of German silver with the point screwed and riveted to it. 
TTiey are made in various siiws and are very convenient as they 
can be easily removed from the board. For most work however, 
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draftsman use small one-ounce copper or iron tacks, as they can he 
forced flush with the drawing paper, thus offering no obstruction 
to the T-s(juare. They also possess the advantage of cheapness. 
Pencils. In pencilling a drawing the lines should be very 
fine and light. To obtain these light lines a hard lead pencil must 
Ik» used. Ixnid pencils are graded according to their hardness, 
and are numbercHl by using the letter H. In general a lead pencil 
of 311 (or IIIIIIIIH) or OH should be used. A spfter pencil, 4H, 

is better for making letters, figures and 
{X)ints. A hard lead pencil should be 
sharpened as shown in Fig. 1. The wood 
is cut away so that about i or ^ inch 
of lead pn)jects. The lead can then be 
sharpened to a chisel edge by nibbing it 
against a bit of sand paper or a fine file. 
It should l>e ground to a chisel edge and 
the corners slightly rounded. In making 
the straight lines the chisel edge should 
be used by placing it against the T-squarc 
or triangle, and because of the chisel edge 
the lead will remain sharp much longer than if sharpened to a point. 
This chisel edge enables the draftsman to draw a fine line exactly 
tlmuijjjh a given point. If the drawing is not to be inked, but is 
made for tracing or for rough usage in the shop, a softer pencil, 
311 or ill, may l)e used, as the lines will then be somewhat thicker 
and heavier. The lead for compasses may also be sharpened to a 
point although some draftsmen prefer to use a chisel edge in the 
compasses as well as for the jKMicil. 

In using a very hard lead pencil, the chisel edge will make a 
(]vvp (lepr(\ssi()n in the pa|M?r if much pressure is put on the pencil. 
As this depression cannot be erased it is much better to press 
lightly on the pencil. 

Erasers. In making drawings, but little erasing should be 
necessary. However, in case this is necessary, a soft rubl)er 
should be used. In erasing a line or letter, great care must be 
exercised or the surrounding work will also become erased. To 
])revent this, some draftsmen cut a slit about 3 inches long and 
i to i inch wide in a card as shown in Fig. 2. The card is then 
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placed over the work and the line erased without erasing the rest 
of the drawing. An erasing shield of a form similar to that shown 
in Fig. 3 is very convenient, especially in erasing letters. It is 
made of thin sheet metal and is clean and durable. 

For cleaning drawings, a sponge rubber may be used. Bread 
crumbs are also used for this purpose. To clean the drawing 
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Fig. 3. 



scatter dry bread crumbs over it and rub them on the surface 
with the hand. 

T-Square. The T-square consists of a thin straight edge 
called the blade, fastened to a head at right angles to it. It gets 




Fig. 4. 

its name from the general shape. T-squares are made of various 
materials, wood being the most commonly used. Fig. 4 shows an 
ordinary form of l-square which is adapted to most work. In 
Fig. 5 is shown a T-square with edges made of cliM)ny or mjdiogany, 
as these woods are much harder than p(*ur wood or niaph^ which 
is generally used. The head is fomitMl so as to (it. against the h^ft- 
hand edge of the drawing l)()ar(l, while the blade extends over the 
surface. It is desirable to have the blade of the T-scjuare form a 
right angle with the head, so that the lines drawn with the 1^- 
square will be at right angles to the left-hand edge of the board. 
This, however, is not absolutely necessary, because the lines drawn 
with the T-scjuare are always with reference to one edge of the 
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board only, and if this edge of the board is straight, the lines 
drawn with the T-square will be parallel to each other. The T- 
square should never be used except with the left-hand edge of the 
boai-d, as it is almost impossible to find a drawing broad with the 
edges parallel or at right angles to each other. 

The T-square with an adjustable head is fi-equently veiy con* 
venient, tus it is sometimes necessary to draw lines parallel to each 




Fig. 6. 

other whicli are not at right angles to the left-hand edge of the 
board. This form of T-square is similar to tlie ordinary T-square 
already described, but the heail is swiveled so that it may lie 
clamped at any desired anglo. The ordinary T-square as showij 

in Figs. 4 and 5 is, how 
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ever, adapted to almost 
any class of drawing. 

Fig. 6 shows the 
method of dmwing parallel 
horizontal lines with the 
T-square. With the head 
of the T-square in coutact 
with the left-hand edge of 
the board, the lines may be 
dmwn by moving the T-square to the desired }X)sition. In using the 
T-square tlie upper edge sliould always be used for drawing as the 
two edges may not be exactly parallel and straight^ and also it is 
more convenient to use this edge with the triangles. If it is neces- 
sary to use a straight edge for trimming drawings or cutting the 
paper from the board, the lower edge of the T-square should be 
used so that the upper edge may not be maiTcd. 

For accurate work it is absolutely necessary that the working 
edge of the T-square should be exactly straight. To test the 
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straightness of the edge of the T-square, two T-squares may be 
placed together as shown in Fig. 7. This figure shows plainly 
that the edge of one of the T-squares is crooked. This fact, how- 
ever, does not prove that either one is straight, and for this deter- 
mination a third blade must be 
used and tried with the two 
given T-squares successively. 

Triangles. Triangles are 
made of various substances such 
as wood, rubber, celluloid and 
steel. Wooden triangles are 
cheap but are likely to warp and get out of shape. The rubber tri- 
angles are frequently used, and are in general satisfactory. The 
transparent celluloid triangle is, however, extensively used on ac- 
count of its transparency, which enjibles the dmftsinen to see the 
work already done even when covered witli the triangle. In asing 
a rubber or celluloid triangle take care that it lies perfectly fiat or 




Fig. 7. 





TRIANGLES. 

is hung up when not in use ; when allowed to lie on the drawing 
board with a pencil or an eraser under one corner it will become 
warped in a short time, especially if the room is hot or the sun 
happens to strike the triangle. 

Triangles are made in various sizes, and many draftsmen 
have several constantly on hand. A triangle from G to 8 inches 
on a Bide will be found convenient for most work, although there 
are many cases where a small triangle measuring about 4 inches 
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on a side will be found useful. Two triangles are necessary for 
every dr.ift^nian, one liaving two angles of 45 degrees each and 
one a right angle ; and the other having one angle of 60 degrees, 
one of 30 degrees and one of 90 degrees. 

Tlie value of the triangle de})eud8 upon the accui-acy of the 
angles and the stniightness of the edges. To test the accuracy of 

the right angle of a tri* 
angle, place the triangle 
with the lower edge rest- 
ing on the edge of the 
T-squai-e, as shown in 
Fig. 8. Now draw the 
line C D, which should be 
perpendicular to the edge 
of the T-square. The 
same triangle should then 
be ])la(j(»(l in th(^ position shown at B. If the right angle of the 
triangle is exaotly 90 degrees tlie leftrliand edge of the triangle 
should exactly coincide with the line C D. 

To test the accuracy of the 45-degree triangles, first test the 
right angle thm place the 
triangle with the lower 
edcje resting on th(» work- 
ing edge of the T-S(piare, 
and dniw the line E F as 
shown in Fi'jf. 9. Now 
without moving the T- 
S(|nare j)la('e the triangle 
so that the other 'hVdegnH; 
angle is in tlu^ position 
occupied by the lirst. If the two 4r)-degree angles coincide they 
an* ac» iiratr. 

Triangles are v<mt convenient in drawing lines at right 
angh's to the T-scpiare. The method of doing this is shown in 
Kig. 10. Triangles an? also used in dmwing lines at an angle 
with the horizontal, by placing them on the board as shown in 
Fig. 11. Suppose the line E F (Fig. 12) is drawn at any anjle, 
and we wish to di*aw a line through the point P /larallel to U 
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Fii-st place one of tlio triangles as shown at A, liaving one edge 
coincidiLg with the given line. Now take the other triiin^dt* and 
})hu'e one of its edges in contiict witli tlie lx»ttoni edge of trianirle 
A. Holding the triangle IJ lirinly with the h»ft liand the triangle 
A may l»e slipped along to the right or to the left nntil the edge 
of the triangle reaches the 
point P. The line M N 
may then be dmwn along 
the edge •>f the triangle 
[xissing throngh the jxiint 
P. In place of the tri- 
angle B any stniight ed^e 
such as a T-sqnare may Ix* 
used. 

A line can be drawn 
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perpendicular to another hy means of the triangh's as follow^. 

Let E F (Fig. 13) he tlie given line, and snppof;e we wish tc 

dniw a line }>er})endicular to K F through tlh» point I). Place 

the longest side of oiie of the triangles so that it eoint-ides 

w'lih the liiK^ K K, as the 
triangle is snown in j)Osi- 
tionat A. Placo tin* other 
trianghf (or any straight 
edge) iu tht* iM)sition ot 
the triangh* as shown at 
H, om* edi'o n'stinj' airainst 
the (»dire of iho triauirle A. 
Then holdint' H with the 
left hand, jiLu'e the tri 

angle A in Iho positicm shown at C, so that the longc^st side 

[)ii8ses tlin)ugh the point D. A line can then he drawn thn»ugli 

the point D perijendicular to E F. 

In previous figui*es we havij seen how lines may hn drawn 

making angles of 80, 45, 60 and f'O degrees with tin? horizontal. 

If it Ls destn^d to draw lines forming angh»s of 1 o and 7') dfgreeh 

tlie triangles may I)o placed as shown in Fig. 14. 

In using the triangles and T-stpiait) almost an}" line may Ih^ 

drawn* Suppose we wisli to dniw a rectuigle having one side 
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horizontal. First ]»lace tlie T-square as shown in Fig. 15. By 
moving the T-square up or down, the sides A B and D C may be 
drawn, Injcause they luv horizontal and parallel. Now place one 
of the triangli\s resting on the T-square as shown at E, and hav- 
ing tlie left-hand edge |Kissing through the poirt 1). The vertical 
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Fig. 12. 



Fig. 13. 



line D Anuiy be drawn, and l)y sliding the triangle along the edge 
of the T-squai-e to the position F the line B C may be drawn by 
using the same edgt*. These positions are shown dotted in Fig. 15. 
If the rectangle is to Ije placed in some other position on the 
dmwing l)oard, as shown in Fig. IC, i)lace the 45-degree triangle 

F so that one edge is 
I)amllel to or coincides 
with the side D C. Now 
holding the triangle F in 
position 2)lace the triangle 
II 80 that its upper edge 
coincides with the lower 
edge of the triangle F. 
By holding H in position 
and sliding the triangle F 
along its upi)er edge, tht^ sides A B and D G may be drawn. 
To draw the sides A 1) and B C the triangle should be used as 

sliowii at E. 

Compasses. Compasses are used for drawing circles and 
arcs of circles. Thev are made of various materials and in various 
sizes. The cheaper chiss of instruments are made of brass, but 
they are unsatisfactory ou account of the odor and the tendency 
t4) tarnish The best material is German silver. It does not soil 
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Fig. 15. 



readily, it lias no odor, and is easy to keep clean. Aluminum in- 
struments possess the advautjige of lightness, but on account of 
the soft metal they do not wear well. 

The compasses are made in the form shown in Figs. 17 and 
18. Pencil and pen points are provided, as shown in Fig. 17. 
Either i^en or pencil may be inserted in one leg by me:nis of a 
shank and socket. The 
other leg is fitted with a 
needle point which is 
placed fit the center of the 
circle. In most instru- 
ments the needle point is 
separate, and is made of a 
piece of round steel wire 
having a square shoulder 
at one or both ends. Be- 
low this shoulder the needle point projects. The needle is 
made in this form so that the hole in the paper may be veiy 
minute. 

In some instruments lock nuts are used to hold the joint 
firmly in position. These lock nuts are thin discs of steel, with 

not(ihes for using a wrench or 
forked key. Fig. 19 shows the 
detail of the joint of high grade 
instruments. Both legs are alike 
at the joint, and two pivoted 
screws are inserted in the yoke. 
This permits ample movement 
of the legs, and at the same 
pj jQ^ time gives the proper stiff- 

ness. The flat surface ot one of 
the legs is faced with steel, the other being of Cicnnan silver, 
in order that the rubbing parts may l>c of (hfTerent metals. Smnll 
set scrt»ws are used to prevent the pivoted screws from turning 
in the yoke. The contact surfaces of this joint are made cir- 
cular to exclude dust and dirt and to prevent rusting of the 
steel face. 

Figs. 20, 21 and 22 show the detail of tlie socket; in some 
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instruments the shank and socket are pentagonal, s^ shown in 
Fig. 20. The sliaiik entere the socket loosely, and is held in place 
by means of the screw. Unless used very carefully this arrange- 
ment is not durable because tlie sharp comei-s siX)n wear, and the 
pressure on tlie set screw is not sufficient to hold the shank firmly 
in plac(\ 

In Fig. 21 is shown another form of shank. This is round, 
having a flat top. A set screw is also used to hold this in posi- 
tion. A still better form of socket is sliown in Fig. 22; the hole 
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FiK. 17. 



Fig. 18. 



is made tapered and is circriar. The shank fits accurately, and 
is held in perfect alignment by a small steel key. The clamping 
screw is pLiccMl upon the side, and keeps the two portions of the 
split socket together. 

Figs. IT and 18 show that both legs of the compasses are 
jointed in order that the lower part of the legs may be perpen- 
dicular to the paper while drawing circles. In this way the 
needle point makes but a small hole in the paper, and both nibs of 
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the pen will press equally on the paper. In pencilling circles it 
is not as necessary that the pencil should be kept vertical; it is a 
good plan, however, to learn to use them in this way both in pen- 
cilling and inking. The com- 
passes should be held loosely be- 
tween the thumb and forefinger. 
If the needle point is sharp, as 
it should be, only a slight pres- 
sure will be required to keep it 
in 'j)lace. While drawing the 
circle, incline the compasses 
slightly in the direction of 
revolution and press lightly on 
the pencil or pen. 

In removing the pencil or 
p^n, it should be pulled out Fif?- 1^- 

straight. If bent from side to side the socket will become en- 
larged and tlie shank worn; this will render the instrument inac- 
curate. For drawing large circles the lengthening bar shown in 
Fig. 17 should be used. When using the lengthening bar tlie 
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Fig. 20. 



Fig. 21. 



needle point should l)e steadied with one hand and tlie circle 
described with the other. 

Dividers. Dividei-s, shown in Fig. 23, are made simihir to the 
compasses. They are used for laying off disUmces on the draw- 
ing, either from scales or from other parts of the drawing. Tliey 

tamay also l>e used for dividing a line 
into equal parte. When dividing a 
line into equal parts the dividers 
should be turned in the opposite direc- 
tion each time, so that the moving point passes alternately to 
the right and to the left. The instrument can then l>e ofKirated 
feadily with one hand. The points of the dividci-s sliould be 
very sharp so that the holes made in the paper will be small 
If large holes are made in the ^>aper, and the distances betweer 
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the points ai-e not exact, accurate spacing cannot be done 
Sometimes the compivsses are furnistied witli »teel divider point^s 
in addition to the j>en and pencil points. The compasses may 
then Ihj ns^'d either as dividers or sis compasses. Many diufts- 
men use a needle point in phice of dividers for making measure- 
ments from a scale. The eye end of a needle is fii'st broken oflF 
and the needle then forced into a small handle made of a round 
jnece of soft pine. This instrument is very convenient 
for indicating the intersection of lines and mai*king off 
distances. 

Bow Pen and Bow Pencil. Ordinary large compasses 
are too h(»avy to use in making small circles, fillets, eta 
The hnenige of the long leg is so great that it is very 
difficult to draw small circles accumtely. For this reason 
the bow compasses shown in Figs. 24 and 25 should be 
used on all arcs and circles having a radius of le^s than 
three-quartei*s inch. The bow compasses are also con- 
venient for duplicating small circles such as those which 
^ represent lx)iler tubes, bolt holes, etc., «ince there is no 
Jl tendency to slip. 

The needle point must be adjusted to the same 
length as the pen or pencil point if very small circles are 
to be drawn. The adjustment for altering the radius of 
the circle can be made by turning the nut. If the change 
in radius is considerable the points should be pressed to- 
gether to rtunove the pressure from the nut which can 
«, oo then be turned in either direction with but little wear ou 
the threads. 
Fig. 2G sliows another bow instrument which is frequently 
us(mI in small work in place of the dividers. It has the advantage 
of retaining the adjustment. 

Drawing: Pen. For drawing straight lines and curves that 
are not arcs of cin^les, the line pen (sometimes called the ruling 
I)en) is used. It consists of two bhwles of steel fastened to a 
handle as shown in Fig. 27. The distance between the pen points 
can be adjusted by the thumb screw, thus regulating the width of 
line to l)e drawn. The blades are given a slight curvature so that 
there will I)e a cavity for ink when the points are close together* 
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The pen may be filled by means of a common steel i)en or 
with the quill which is provided with some liquid inks. The pen 
should not bo dipped in the ink because it will then be necessary 
to wipe the outside of the blades before use. The ink should 
fill the Y>en to a height of alx)ut ^ or | inch ; if too much ink is 
placed in the pen it is likely to drop out and spoil the drawing. 
Ui)on finishing the work the pen should be carefully wiped with 






Fig. 24. 



F«pr. 25. 



Fig. 2«. 



chamois or a soft cloth, because most liquid inl s corrode tlu^ sU^el. 
In using the pen, care should be takeji that both blades bear 
equally on the paper. If the points do not bear equally the line 
will be ragged. If both points touch, and the pen is in good 
condition the line will be smooth. The pen is usually inclined 
slightly in the direction in which the line is drawn. The }>en 




Fig. 27. 

should taufih the triangle or T-square which serve as guides, but 
it should not Ik* pressed agjiinst them because the lines will then 
be uneven. The points of the pen should Im close to the edge of 
the tnangle or T-square, but should not touch it. 

Tq Sharpen the Dram f if/ Pen. After the pen has been 
used for some time tlie ^K)int» beoome worn^ and it js impossiblei 
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to make smooth lines. This is especially true if rough paper is 
used. The pen can be put in proper condition by sharpening it. 
To do tins take a small, flat, close-grained oil-stone. The blades 
should fii-st l)e screwed together, and the points of the pen can be 
given the proi)<»r shape by drawing the pen back and forth over 
the .stone changing the inclination so that the shape of the ends 
will be panilx)lic. This process dulls the points but gives them 
the proper shape, and makes them of the same length. 

To sharpen the pen, se[)arate the points slightly and rub one 
of them on the oil-stone. While doing this keep the pen at an 
angle of from 10 to 15 degrees with the face of the stone, and 
give it a slight twisting movement. This ])?irt of the operation 
requires great cai^e as the shape of the ends must not be altei'ed. 
After the pen point has l)ecome fairly sharp the other point 
should be ground in the same manner. All the grinding should 
be <lone on the outside of the blades. The burr should be 
removed from the inside of the blades by using a piece of leather 
or a piece of pine wood. 

Ink should now be placed between the blades and the pen 
tried. The pen should make a smooth line whether fine or 
heavy, but if it does not the grinding must be continued and the 
pen tried frequently. 

Ink. India ink is always used for di*awing as it makes a 
pennanent black line. It may be purchased in solid stick form 
or tis a liquid. The liquid form is very convenient as much time 
is saved, and all the lines will be of the same color; the acid in 
the ink, however, corrodes steel and makes it necessary to keep 
the pen perfectly clean. 

Some draftsmen prefer to use the India ink whicli comes in 
stick form. To prepare it for use, a little water should be placed 
in a saucer and one end of the stick placed in it. The ink is 
ground by giving it a twisting movement. When the water has 
become black and slightly thickened, it should be tried. A 
heavy line should be made on a sheet of paper and allowed to 
dry. If the line has a o^rayLsh appearance, more grinding is 
lUMMissary. Aft(M- the ink is thick enough to make a good black 
line, the grinding should cease, Ijecause very thick ink will not 
flow fieely from the pen. If, however, the ink has become too 
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thick, it may be diluted with water. After using, the stick 
should be wiped dry to prevent crumbling. It is well to grind 
the ink in small quantities as it does not dissolve readily if it has 
once become dry. If the ink is kept covered it will keep for two 
or three days. 

Scales. Scales are used for obtaining the various measure- 
ments on drawings. They are made ia several forms, tlie most 
convenient being the flat with beveled edges and the triangular. 
The scale is usually a little over 12 inches long and is graduated 
for a distance of 12 inches. The triangular scale shown in Fig. 
28 has six surfaces for graduations, thus allowing many gradua- 
tions on the same scale. 

The graduations on the scales are arranged so that the 
drawings may be made in any proportion to the actual size. For 
mechanical work, the common divisions are multiples of twa 




Fig. 28. 

Thus we make drawings full size, half size, ^, ^, ^^j, j^j, ^, etc. 
If -a drawing is ^ size, 3 inches equals 1 foot, hence 3 inclies is 
divided into 12 equal parts and each division represents one inch. 
If the smallest division on a scale represents -^^ inch, the scale is 
said to read to -^^ inch. 

Scales are often divided into -j^, ^V sV' i^D' ^^"» ^^^ archi- 
tects, civil engineere, and for measuring on indicator cards. 

The scale should never be used for drawing lines in place of 
triangles or T-square. 

Protractor. The protractor is an instrument used for laying 
off and measuring angles. It is made of steel, bnus, horn and 
paper. If made of metal the centml portion is cut out as shown 
in Fig. 29, so that the draftsman can see the drawing. The 
outer edge is divided into degrees and tenths of degrees. Some- 
times the graduations are very fine. In using a protractor a very 
sharp hard pencil should be used so that the lines will l>e fine 
fuid accurate. 

The protractor should be placed so that the given line ( pro- 
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duccd if necessary) coincides with the two O marks. The 
center of the circle l)eing placed at the point through which the 
desired line is to be drawn. The division can then he marked 
with the pencil point or needle point. 

Irregular Curve, One of the conveniences of a draftsman's 




Fig. 20. 

outfit is the French or irregular curve. It is made of wood, 
hard rul)l>er or celluloid, tlie last named material being the best. 
It is made in various shapes, two of the most common being 





Fig. 30. 

Rhr)wn lu Fi^. 30. This instrument is used for drawing curves 
other tlian arcis of circles, and l)oth j^ncil and line pen can be 
used. 

To draw the curve, a series of points is first located and 
then the curve drawn passing through them by using the part of 
the irregular curve that passes through 8^veral of tbem The 
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curve is shifted for this work from one position to another. It 
frequently facilitates the work and improves its appearance to 
draw a free hand pencil curve through the points and then use the 
irregular curve, taking care that it always fits at least three points. 
In inking the curve, the blades of tlie pen must he kept 






Fijr. 31. 

tangent to the curve, thus necessitating a continual cliange of 
direction. 

Beam Compasses« The ordinary compasses are not large 
enough to draw circles having a diameter greater tlian about 8 or 
10 inches. A convenient instrument foF larger circU^s is found 
in the beam compasses shown in Fig. 31. Tlie two i)arts called 
channels carrying the pen or })encil and the needle point are 
clamped to a wooden beam ; the distance between them being 
equal to the radius of the circle. Accurate adjustment is obtained 
by means of a thumb nut underneath one of the channel pieces. 

LETTERING. 

No mechanical drawing is finished unless all headings, titles 
and dimensions are lettered in plain, neat type. Many drawings 
are accurate, well-planned and finely executed but do not present 
a good api>earance because the draftsman did not think it worth 
while to letter well. Lettering requires time and patience; 
and if one wishes to letter rapidly and well he must practice. 

Usually a l)eginner cannot letter well, and in order to pro 
duce a satisfactory reault, eousiderable practipe is necessary. Many 
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think it a good plan to practice lettering before commencing a 
drawing. A good writer does not always letter well; a poor 
writer need not be discouraged and think he can never learn to 
make a neatly lettered drawing. 

In making large letters for titles and headings it is often 
necessary to use drawing instruments and mechanical aids. The 
small lettei-s, such as those used for dimensions, names of materials, 
dates, etc., should be miCde free hand. 

There are many styles of letters used by draftsmen. For 
titles, large Roman capitals are frequently used, although Gothic 
and block lettei"S also look well and are much easier to make. 

ABCDEFGHIJ 

KLMNOPOR 
STUVWXYZ 

1234567890 

Fij?. 32. 

Almost any neat letter free from ornamenttition is acceptable in the 
regular practice of drafting. Fig. 32 shows the alphabet ol 
vertical Gothic capitals. These letters are neat^ plain and easily 
made. The inclined or italicized Gothic type is shown in Fig. 33. 
This style is also easy to construct, and jx>ssesses the advantage 
tliJit a slight difference in ini^lination is not apparent. If the ver- 
tical lines of the vertical letters incline slightly the inaccuracy is 
very noticeable. 

The curves of the inclined Gothic letters such as those in the 
i?, C\ (r, '/", etc., are somewhat difficult to make free hand, 
especially if the letters are about one-half inch high. In the 
alphabet shown in Fig. 34, the letters are made almost wholly of 
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straight lines, the comers only being cui'ved. These letters are 
very easy to make and are clear cut. 

The first few plates of this work will require no titles; the 
only lettering being the student's name, together with the date 
and plate number. Later, tlie student will tjike up the subject of 




A 
STUVWXYZ 

Fig. S3. 

lettering again in order to letter titles and headings for drawings 
showing the details of machines. For the present, however, in- 
clined Gothic capitals will be used. 

To make the inclined Gothic letters, first dmw two parallel 
lines having the distance between them ecjual to the desired height 
of the letters. If two sizes of letters are to be used, the smaller 
should be about two-thiixls as high as the larger. For the letters 




NOPORSTU VWX YZ 




Fig. 34. 

'to be used on the first plates, draw two parallel lines ^^^ inch apart. 
This is the height for the letters of the date, name, also the plat<» 
number, and should be used on all plates throughout this work, 
unless other directions are given. 

In constructing the lettei-s, they should extend fully to these 
liueSy both at the top and bottom. They should not fall shoil of 
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the guide lines nor extend beyond them. As these letters aiv 
inclined they will look lx5oter if the inclination is the same for all. 
As an aid to the beginner, he can draw light i>encil lines, about J 
inch a[)art, forming the proper angle with the parallel lines already 
drawn. The inclination is often made about 70 degrees; but as a 
60-dogree triangle is at hand, it may l)e used. To draw these 
lines place the 60-degree triangle on the T-square as shown in 
Fig. 36. In making these letters the BO-degree lines will be 
found a great aid as a, large proportion of the back or side lines 
have this inclination. * 

Capitiil letters such as E^ F^ P, 57, Z, etc., should have the 
top lines coincide with the upi>er horizontal guide line. The 
bottom lines of such lettei-s as i>, U^ L, Z, etc., should coincide 
with the lower horizontal guide line. If these lines do not coin- 
cide with the guide lines the words will look uneven. Lettere, 
of which (7, (?, 0, and (?, are types, can be formed of curved lines 
or of straight lines. If made of curved lines, they should have a 
little greater height than tlie guide lines to prevent their appeaiv 
ing smaller than the other lettei*s. In this work they can be 
made of straight lines with rounded cornera as they are easily 
constructed and tlie student can make all letters of the same 
height. 

To (construct the letter yl, draw a line at an angle of 60 
degrees to the horizontal and use it as a center line. Then from 
the intersection of this line and the upper horizontal line drop 
a vtMtical line to the lower guide line. Draw another line from 
the vertex meeting the lower guide line at the same distance from 
the cent(^r line. The cross line of the A should be a little below 
thfr center. The Kis an inverted A without the cross line. For 
the letter M^ the side lines should l)e pamllel and about the same 
distance apart as are the horizontal lines. The side lines of the 
IKare not parallel but are farther apart at the top. The «7'is not 
quite as wide as such lettei's as //", J7, iV, Ry etc. To make a K 
diaw the center line GO degrees to the horizontal ; the diverg- 
ing lines are similar to those of the V but are shorter and form a 
hirger angle. The diverging lines should meet the center line a 
little l)elow the middle. 

Tiie lower-case lettei-s are shown in Fig. 85. In sooh letters 
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as 7n, n, r, etc., make the corners sharp and not rounding. Tlie 
letters a, J, c?, e, g^ o, j?, j, should be full and rounding. The 
figures (see Fig. 32) are made as in writing — except the -4, 6^8 
and 9. 

The Roman numerals are made of straight lines as they 
are largely made up of /, I^and X. 

At first the copy should be followed closely and tlie letters 
irawn in {)encil. For a time, the inclined guide lines may be used. 

abccfefgh/jk/mn 
opqrs tuvwjcj/z 

Fig. 35. 

but after the proper inclination becomes firmly fixed in mind 
they should be abandoned. The horizontal lines arc used at all 
times by most draftsmen. After the student has had consider- 
able practice, he can construct the lettei-s in ink without rii*st using 
the pencil. Later in the work, when the student has become pro- 
ficient in the simple inclined Gothic capitals, the vertical, block 
and Roman alphabets should be studied. 



PLATES, 

To lay out a sheet of paper for the plates of this work, the 
sheet, A B G F, (Fig. 86) is placed on the drawing board 2 or 3 
inches from the left-hand edge which is called the workbuj edge. 
If placed near the left-hand edge, the T-scpiare and triangles can 
be used with greater firmness and the horizonbil lines drawn with 
the T-square will be more accurate. In placing the paper on the 
board, always trae it up according to the long edge of the sheet. 
First fasten the paper to the board with thumb tacks, using at 
least 4 — one at each comer. If the paper luis a tendency to curl 
it is better to use 6 or 8 tacks, placing them as shown in Fig. 36. 
Thumb tacks are commonly used; but many draftsmen prefer 
one-ounce tacks as they offer less obstruction to the T-«quai*e and 
Criangles. 

After the paper is fastened in position, find the center of the 
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sheet bj placing the T-square -so tliat its upper edge coincides with 
the diagonal corners A and G and then witli tho. cornei-s F and 
B, drawing short i>encil lines intersecting at C. Now place the 
T-square so that its upi)er edge coincides with the point C and 
draw the dot and dash line D E. Witli the T-square and one 
of the triangles (shown dotted) in the position shown in Fig. 3G, 
draw the dot and dash line H C K. In case the drawing ])o:ird 
is large enough, the line C II can be drawn by moving the T- 
square until it is entirely off the dniwing. If the lx)ard is small, 
pi*oduce (extend) the line K C to II by means of the T-s([uare 
or edge of a triangle. In this work always move the pencil from 
the left to the right or from thcj bottom upward ; never (except 
for some particular purpose) in the opposite direction. 

After the center lines are drawn mejvsure off 5 indues above 
and below the point C on the line II C K. These pf»ints L 
and M may be indicated by a light pencil mark or by a slitjht 
punctura of one of the points of the dividei-s. Now place the T- 
d(|uaro against the left-hand edge of the board and draw horizon till 
pencil lines through L and M. 

Measure off 7 inches t(3 the left and right of C on the center 
line DOE and dmw pencil lines through these points (N and 
P) per[>endicular to D E. We now have a rectangle 10 inches 
by 14 inches, in which all the exercises and figures are to Iw 
drawn. The lettering of the student's name and address, date, 
and plate numl)er are to l)e placed outsuh of this rectangle in the 
|-inch margin. In all cases lay out the plates in this manner and 
keep the center lines D E and K II as a basis for the various 
figures. The border line is to l)e inked with a heavy line when 
the drawing is inked. 

Pencilling^. In laying out plates, all work is first dom^ in i)en 
cil and afterward inked or traced on tracing cloth. The first few 
plates of this course are to l>edone in pencil and then inked ; later 
the subject of tracing and the process of making blue prints will 
be Uiken up. Every beginner should practice with his instruments 
until he can use them with accuracy and skill, and until he under- 
stands thoroughly what instrument should l>e used for making a 
^ven line. To aid the l)eginner in this work, tlnj fii-st three jdates 
of this course are designed to give the student practice- they do 
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not involve any problems and none of the work is difficult. The 
student is strongly advised to draw these plates two or three 
times befoi-e making the one to be sent to us for correction. Dili- 
gent practice is necessary at first; especially on PLATE I 2la it 
involves an exercise in lettering. 

PLATE I. 

Pencilling:. To draw PLATE J, take a sheet of drawing 
paper at least 11 inches by 15 inclies and fasten it to the drawing 
board as already explained. Find the center of the sheet and draw 
fine pencil lines to represent the lines D E and H K of Fig. 36. 
Also draw the border lines L, M, N and P. 

Now measure | inch al>ove and below the horizontal center line 
and, with the T-square, draw lines through these jwints. These 
lines will form the lower lines I) C of FiyB, 1 and 3 and the top lines 
A B of Figs. 3 and 4- Measure | inch to the right and left of the 
vertical center line ; and through these points, draw lines parallel 
to the center line. These lines should be drawn by placing the 
triangle on the T-square iis shown in Fig. 36. The lines thus 
drawn, form the sides B C of Fiy%. 1 and 3 and the sides A D of 
Figs. 2 and 4' Next draw the line A B A B with the T-square, 
4 1 inches above the horizontal center line. This line forms the 
top lines of Figs. 1 and 2. Now draw the line D C D C 4| inches 
below the horizontal center line. The rectangles of the foui 
figures are completed by drawing vortical lines 6| inches from the 
vertical center line. We now have four rectangles each 6J inches 
long and 4^ inches wide. 

Fig. 1 is an exercise with the line pen and T-squwe. Divide 
the line A D into divisions each ^ inch long, making a fine pencil 
point or slight puncture at each division such as E, F, G, H, I, eta 
Now place the T-squafe with the head at the left-hand edge of the 
drawing board and through these [X)ints draw light pencil lines 
extending to the line B C. In drawing these lines be careful to 
have the pencil point pass exactly through the division marks so 
that the lines will be the same distance apart. Start each line in 
the line A D and do not fall short of the line B or run over it. 
Accuracy and neatness in pencilling insure an accurate drawing. 
Some beginners Uiink that they can correct inaccoiaoies whiia 
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inking; but experience soon teaches them that they cannot do so. 
Fi(f\, J? is an exercise with the line pen, T-square and triangle. 
Pii-st divide the lower line D C of the rectangle into divisions each 
\ inch long and mark the points E, F, G, H, I, J, K, etc., as in 
Fig. 1. Place the T-square with the head at the left-hand edge of 
the drawing board and the upper edge in about the position shown 
in Fig. 3G. PLace either triangle Avith one edge on the upi^er edge 
of the T-square and the 90-degree angle at the left. Now draw 
fine pencil lines from the line D C to the line A B passing through 
the points E, F, G, H, I, J, K, etc. To do this keep the T-square 
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Fig. 87. 

rigid and slide the triangle toward the right, being careful to have 
the edge cr)in('ide with the division marks in succession. 

Fig. 3 is an exercise with the line pen, T-square and 45-<legree 
triangle. First lay off the distances A E, E F, F O, G H, II I, I J, 
J K, etc., each J inch long. Then lay off the distances B L, L M, 
M N, N O, O P, P Q, Q R, etc., also J inch long. Place the T- 
square so that the upper edge will be below the line D C of Fig. 3. 
With the 45-degi'ee triangle draw lines from A D and D C to 
the points E, F, G, H, I, J, K, etc., as far as the i>oint B. Now 
draw lines from I) to the {K)int8 L, M, X, <), P, Q, R, etc., as 
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far as the ix>int C. In diuwlng these lines move the pencil away 
from the body, that is, from A D to A B and from D C to B C. 

Fig. ^ is an exercise in free-hand lettering. The finished 
exercise, with all guide lines erased, should have the appearance 
shown in Fig. 4- of PL A TE L The guide lines are drawn as shown 
in Fig, 87. First draw the center line E F and light pencil lines 
Y Z iind T X, I inch from the border lines. Now, with the T- 
square, draw the line 6, \ inch from the top line and the line H, 
/g inch below G. Tlie word ^LETTERING^^ b to be placed 
between these two lines. Draw tlie line I, ^ inoh below H. 
The lines I, J, etc., to K are all -^^ inch apart. 

We now practice tlie lower-ciise letters. Draw the line L, A 
inch below K and a light line \ inch above L to limit the 
height of the small lettei-s. The space I)etween L and M is ^^ 
inch. The lines M and N are drawn in the same manner as Kand 
L. The space between N and O should be \ inch. The line P is 
dniwn ^2 '"^^^ below O. Q is also^^ ^"^'^ below P. The lines 
Q and R are drawn ^^ inch apart as are M and N. The remainder 
of the lin^s S, U, V and W are drawn -^^ inch apart. 

The center line is a great aid in centering the word 
^'^ LETTS RINGy' tlie alphabets, numerals, etc. The worda 
•' 'TIT?J " and " Projiciency " should be indented abont \ 
inch as they are the first woi-ds of paragraphs. To draw the 
guide lines, mark off distjinces of \ inch on any line such as J and 
with the GO-degree triangle driw light ixjncil lines cutting the 
paiullel lines. The letters should l)e sketched in pencil, the ordin- 
ary lettem such as E, F, II, N, R, etc. being made of a width 
equal to about j the height. Letters like A, M and W are wider. 
The space between the letters de[)ends upon the draftsman's 
Uuste but the beginner should remember that letters next to an 
A or an L should l)e placed near them and that greater space 
should l>e left on each side of an I or between letters whose sides are 
parallel; for instance there should be more space between an N and 
E than between an E and II. On account of the space above the 
lower line of the L, a letter following an L should be close to it 
If a T follows a T or the letter L follows an L they should be 
placed near to<]c<^ther. In all lettering the letters should be placed 
so that the general effect is ])leasing. After the four figoret are 
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completed, the lettering for name, address and date should l)e 
pencilled. With the T-square draw a pencil lino ■^\.^ inch above 
the top border line at the right-hand end. This line should be 
about 8 inches long. At a distance of ^V inch above this line ditiw 
another line of about the same length. These are the guide lines 
for the word PLATE L The lettei-s should l)e pencilled free 
hand and the student may use the 60-degree guide lines if he 
desires. 

The guide lines of the date, name and address are similarly 
dmwn in tlie lower margin. The date of completing the drawing 
should be placed under Ftf/. 3 and the name and address at the 
right under Fig. 4- The street address is unnecessary. It is a 
good plan to draw lines ^^ inch apart on a separate sheet of paper 
and pencil the letters in order to know just liow much space each 
wokI ^vill require. The insertion of the words " Fig. i," " Fig. 
^," etc., is optional with the student. He may leave them out if he 
desires ; but we wo!ild aid vise him to do this extm lettering for the 
pnictice and for convenience in reference. Fii-st draw with the 
T-square two parallel line ^^^ inch apart under each exercise; the 
lower line being -^^ inch alx)Vo the horizo:iUil center line or above 
the lower border line. 

Inkini:. After all of the jiencilling of PLATE I has been 
<K)mpIeted the exercises should be inked. The pen should first be 
examined to make sure that the nibs are clean, of the same length 
and come together evenly. To fill the pen with ink use an ordi- 
nary steel pen or the quill in the bottle, if Iliggin's Ink is used. 
Dip the quill or pen into the bottle and then inside between the 
nibs of the line j)en. The ink will readily flow from the quill into 
the space between the nibs as soon as it is brought in contiict. Do 
not fill the pen too full, if the ink fills about \ the distance to the 
adjusting screw it usually will Ihj sufficient. If the filling luis been 
Ciirefully done it will not be necessary to wi[)e the outsides of the 
blades. However, any ink on the outside should be wijHjd off 
with a soft cloth or a piece of chamois. 

The i)en should now be tried on a separate piece of pa[)er in 
order that the width of the line may Ih) adjustiul. In the fii-st 
work where no shading is done, a firm distinct line should be used. 
Tlie l)egiuner should avoid the extremes; a very light line makes 
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tlie drawing have a weak, indistinct appearance, and very heavy 
lines deti-act from the artistic appearance .and make the drawing 
appear heavy. 

In citse the ink does not flow freely, wet the finger and touch 
it to the end of the pen. If it then fails to flow, draw a slip of 
thin pai)er l)etween the nibs (thus removing the dried ink) or 
clean thoroughly and fill. Never lay the pen aside without 
clccining. 

In ruling with the line pen it should be held firmly in the 
right hand almost perpendicular to the paper. If grasped too 
firmly the width of the line may he varied and the draftsman 
soon becomes fatigued. The pen is usually held so tliat the 
adjusting screw is away from the T-square, triangles, etc. Many 
draftsmen incline the pen slightly in the direction in which it is 
moving. 

To ink Fif/. 7, place the T-square with the head at the work- 
ing edge as in pencilling. Fii-st ink all of the horizontal lines 
moving the T-square from A to D. In drawing these lines con- 
sideiiible care is necessary ; both nil)s should touch the paper and 
the pressure should bo uniform. Have sufiicient ink in the pen 
to finish the line as it is difiicult for a l)eginner to stop in the 
middle of the line and after refilling the pQn make a smooth con- 
tinuous lino, Wliile inking the lines A, E, F, G, H, I, etc., greater 
care should 1x3 taken in starting and stopping than while pencil- 
ling. Each line should start exactly in the pencil line AD and 
stop in the line B C. The lines A D and B C are inked, using 
the triangle and T-square. 

Fiff. 2 is ink(Ml in the same manner as it was pencilled; the 
lines being dmwn, sliding the triangle along the T-square in the 
successive positions. 

In inking Fig. 3^ the same care is necessaiy as with the pi«- 
ceding, and after the oblicjue lines are inked the border lines are 
finished. In Fltj. ^ the border lines should be inked in first 
and then the border lines of the phito. The l)order lines should 
be (\\\\\a^ heavy as they give the plate a better appearance. The 
intersections should be accurate, as any running over necessitates 
enising. 

The line pen may now be cleaned and laid aside. It can be 
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cleaned by dnnving a strip of blotting pai:)er between the nibs or 
by means of a piece of cloth or chamois. The lettering should be 
done free-hand asing a steel jjen. If the pen is very fine^ accu- 
rate work may Ik*, done but the pen is likely to catch in the paper, 
esi)ecially if the paper is rough. A coarser pen will make bi-oader 
lines but is on the whole preferable. Gillott's 404 is as fine a 
pen as should be used. After inking Fig. 4^ the plate number, 
date and name should be inked, also free-hand. After ink- 
ing the words *' Fi</. i," " Fuj. -^,'' etc., all pencil lines should 
h.i erased. In the finished drawing: there should be no center 
lines, construction lines or letters other than those in the 
name, date, etc. 

The sheet should be cut to a size of ii Inches by 15 Inches, 
the dash line outside the border line of PLATE /indicating the 

edge. 

PLATE 11. 

Pencilling. The drawing paptM- used for PLATE 7/ should 
be laid out as described with PLATE /, that is, the border lines, 
center line and rectangles for Figs. 1 and 2. To Liy out Fig9. 5, 
4 and 5 proceed as follows : Draw a line with the T-square 
parallel to the horizontid center line and | inch below it. Also 
dmw another sinrilar line 4| l^elow the center line. The two lines 
will form the top and lx)ttora of Figs. J, 4 '"id ^- Now mea-sure 
off 2^ inches on either side of the center on the horizont^il center 
line and call the points Y and Z. On either side of Y and Z and 
at a distance of ^ inch draw veitical parallel lines. Now draw a 
vertical line A D, 4^ inches from the line Y and a vertical line 
B C 4J inches from the line Z. We now have three rectangles 
each 4 inches broad and 4| inches high. Figs. 1 and 2 are i>en- 
cilled in exactly the same way as was Fig. 1 of PLATE /, tliat 
is, horizontal lines are drawn -| inch apart. 

Fig. «? is an exercise to show the use of a 60-degree triangle 
with a T-square. Lay off the distances A E, E F, F G, G II, etc. 
to B each ^ inch. With the CO degree triangle resting on the 
upper edge of the T-square, draw lines through these points, E, F, 
6« H, I, J, etc., forming an angle of 3U degrees with the hori- 
zontal. The last line drawn \vill be A L. In drawing these lines 
move the poucil from A B to B C. Now find the distance 
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between the lines on the vertical B L and mark off these distances 
on the line B C commencing iit L. Continue the lines from A L 
to N C. Commencing at N mark off distances on A D equal 
to those on B C and finish dra\vin<]^ the oblique. lines. 

Fig. ^ IS an exercise for intersection. Lay off distiinces of 
J inch on A B and A D. With the T-sqnare draw fine pencil 
lines througli the points E, F, G, H, I, etc., and with the T-square 
and triangle draw vertical lines through the points L, M, N, O, P, 
etc. In diiiwing this figure draw every line exJictly through the 
jwints indicated as the symmetrical ap[)earance of the small 
squares can be .attained only by accurate pencilling. 

The oblique lines in Fij. o form an angle of 60 degrees with 
the horizontid. As in Fifj%. 3 and Jj. mark off the line A B in 
divisions of ^ inch and dr.iw with the T-square sind 6()-degree 
triangle the oblique lines through these jKJints of division moving 
the pencil from A B to B C. The last line thus diuwn will be 
A L. Now mark c)ff distances of ^ inch on C D beginning at L. 
The lines mav now be finishe<l. 

Inkins:. Fuj. 1 is dtisigned to give the beginner practice in 
drawinir lines of varvin*' widtlis. The line E is first drawn. This 
line should ])e rather fine but should be clear and distinct. The 
line K should be a little wider than E ; the greater width beir^ 
obtained by turning the adjusting screw from one-quarter to one- 
half a turn. The lines G, II, I, etc., are drawn; each successive 
line having u^reater width. M and N should l)e the same and 
<iuile licavy. From X to I) the lines should decrease in width. 
To eom[)lete tlie inking of Fit/. 7, draw the boi'der lines. These 
lines shouhl have about the same \vidth as those in PLATE L 

In Fi(f. 2 the first four lines should be dotted. The dots should 
be uniform in length (about -^^ incli) and the spaces also nniform 
(a]>()ut 3^2 inch). The next four lines are dash lines similar to 
those used for dimensions. These lines should be drawn with 
dashes about £ inch loiifr and the lines should be fine, yet distincL 

Tlie followincf four lines are called dot and dash lines. The 
dashes aie about \ inch long and a dot between as shown. In 
the regular practice of drafting the lengtli of the dashes depends 
upon the size of the drawing — ^ inch to 1 inch being common. 
Tlie Lust tour lines are similar, two dots being used between the 
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dashes. After completing the dot and dash lines, draw the border 
lines of the rectangle as before. 

In inking IHff. «?, the pencil lines are followed. Great care 
should be exercised in starting and stopping. The lines should 
begin in the border lines and the end should not run over. 

The lines of Fiff. 4 must be drawn carefully, as there are so 
many intersections. The lines in this figure should be lighter than 
the bonier lines. If every line does not coincide with the points 
of division L, M, N, O, P, etc., some will appear farther apart 
than others. 

Fig. 5 is similar to Fig. 5, the only difference being in the 
angle which the oblique lines make with the horizonbil. 

After completing the five figures draw the border lines of the 
plate and then letter the plate number, date and name, and tln^ 
figure numbei-s, as in PLATE I. The plate should then be 
cut to the required size, ii inches by 15 inches. 

PLATE III. 

Pencilling. The horizontal and vertical center lines and the 
border lines for PLATE III are laid out in the same manner as 
were those of PLATE II. To draw the squares for the six figures, 
proceed as follows : 

Measure off two inches on either side of the vertical center 
line and draw light pencil lines through these points parallel to 
the vertical center line. These lines will form the sides A D and 
B C of Fig%. 2 and 5. Parallel to these lines and at a disUmce of 
\ inch draw similar lines to form the sides B C of Figs. 1 and 4 
and A D of Fig%. 3 and G, The vertical sides A D of Figs, 1 and 
4 and B C of Figs, 3 and 6 are formed by drawing lines perpen- 
dicular to the horizontal center line at a distance of G| inches from 
the center. 

The horizontal sides D C of Figs, i, 2 and 3 are drawn with 
the T-square ^ inch above the horizontal center line. To draw the 
top lines of these figures, draw (with the T-square) a line 4 J inches 
above the horizontal center line. The top lines of Figs. 4y ^ ^^^^ 
6 are drawn J inch below the horizontal center line. The squares 
are completed by drawing the lower lines D C, 4i inches below 
the hoi-izontal center line. The figures of PLATES I and H 
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were constnicted in rectangles; the exercises of PLATE 227 are, 

however, drawn in squares, having the sides 4 inches Ling, 

In drawing Fig, J, first divide A D and A B (or DC) into 
4 equal pai-ts. As these lines are four inches long, each length will 
be 1 inch. Now draw horizontal lir.es through E, F and G and 
vertical lines through L, M and N. These lines are shown dotted 
in Fig. 1. Connect A and B with the intersection of lines E 
and M, and \ and D with the intersection of lines F and L. 
Similarly dniv D J, J C, I B and I C. Also connect the points P, 
O, I and J foi-mirig a square. The four diamond shaped areas 
are formed by drawing lines from the middle points of A D, A B, 
H C and D C to the middle'points of line« A P, A O, O B, I B 
etc., as shown iu Fhj, 1. 

Fig. i is an exercise of straight lines. Divide A D and A B 
into four equal parts and draw horizontal and vertical lines as in 
Fig. 1. Now divide these dimensions, A L, M N, etc. and E F, 
(} B etc. into four equal parts (each ^ inch). Draw light 
pencil lines with the T-square and triangle as fhown in Fig. i. 

In Fig. S^ divide A B and A D into eight* parts, each length 
being | inch. Through the points H, I, J, K, L, M and N draw 
vertical lines with the triangle. Through O, P, Q, R, S, T and U 
draw hoi-izontal lines with the T-square. Now draw lines con- 
necting O and H, P and I, Q :ind J, etc. These lines can be 
dmwn with the 45-degree triangle, as thf;y form an angle of 45 
degrees with the horizontal. Sfcirting at N draw lines from A B 
to B C at an angle of 45 degrees. Also draw lines from A D to 
D C through the points O, P, Q, R, efc, forming angles of 45 
degrees with D C. 

Fig. 4 is drawn with the compasses. Firet draw the diagonals 
A C and D B. With the T-jqnare draw the line E H. Now 
mark off on E H distances of | inch. With the compasses set so 
that the point of the lead is 2 inchrs from the needle point, de- 
scribe the circle piissing thro igh E With H as a center draw 
the arcs F G and I J having a radius of 1| inches. In drawing 
these arcs be careful not to go beyond the diagonals, but stop at 
the points F and G and I and J. Again with H as the center 
and a radius of 1| inches dnw a circle. The arcs E L and M N 
are drawn in the same macuer as were arcs F G and I J; tht 
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rtidins l)oing 1| inches. Now draw circles, with II as the center, 
of 1^ 1^ I n,n(l J inch radius, passing through the points P, T, etc. 

Ftfj. 5 is an exercise with the hue pen and coinj^asses. First 
draw the diagonals A C and I) B, the horizontal line L M and the 
vertical line E F [)assing through the center Q. Mark olT dis- 
tances of J inch on L M and K F and draw the lines N N' O O 
and N 11, O S, etc., through these points, fonning the scpiares 
N R R' N', O S S'O', etc. With the l)ow pt-ncil adjusted so 
that the distance between the pencil point and the needle point is 
\ inch draw the arcs having centers at the cornei-s of the squares. 
The arc whose center is N will be tangent to the lines A L and 
A E and the arc whose center is O will be tmgent to N N' and 
N R. Since P T, T T', T' P' and P' P are each 1 inch long and 
form the square, the arcs dniwn with Q as a center will form a 
circle. 

To draw Fig. (?, first draw the center lines E F and L M. 
Now find the centers of the small squares A L I E, L B F I etc. 
Through the center I draw the construction lines II I T and 
R I P forming angles of 30 degrees with the horizontal. Now 
adjust the compasses to draw circles having a radius of one inch. 
With I as a center, draw the circle H P T R. With the same 
radius (one inch ) dmw the arcs with centei*s at A, B, C and 
D. Also draw the semi-circles with centers at L, F, M and E. 
Now draw the arcs as shown having centei*s at the centers of the 
small squares A L I E, L B F I, etc. To locate the centers of 
the six small circles within the circle H P T R, draw a circle 
with a radius of -}^ inch and having the center in I. The small 
circles have a radius of -^^ inch. 

Inkins^. In inking this plate, the outlines of the squares of 
the various figures are inked only in Figs, 2 and S, In Fig, 1 the 
only lines to be' inked are those shown in full lines in PLAT/: 
III. First ink the stir and then the square and diamonds. Thv^ 
cmss hatching should be done without measuring the distance l)e 
tween the lines and without the aid of any cross hatching device 
as this is an exercise for practicti. The lines should be about -^^ 
inch apai't. After inking erase all construction lines. 

In inking Fig. 2 be careful not to run ever lines. Ejich 
line should coincide with the pencil line. The student should 
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first ink tlu* horizontal lini^s L. M and N and the vertical lines 
E, V and (i. Tlie short lines shonld have the same width 
hut the border lines, A B, B C, (/ D and I) A should be a 
little heavier. 

7*7//. .V is drawn entirely with the 45-detrn*ti triangle. In ink- 
intr the oblicpie lines make J* I, It K, T M, etc., a light distinct 
line. The alternate lines O II, (i J, S L, etc., should be some- 
what heavier. All of the lines which s1ojk> in the oppcoite direc- 
tion are liirht. After inkintr /V^. .V all horizontal and vertical 
lines (except the border lines) shonld be erased. The border 
lines should be slitrhtly ln*avier than the light oblique lines. 

The only instrnniiMit used in inking /V//. 4 is the compasses. 
In doing this exercise adjust the legs of the com|Misses so that the 
]>en will always Ix^ j)erj)cMidicnlar to the jmper. If this is not 
done both nibs will not touch the pajHT and the line will be raggeii. 
In inking the ares, 6i*e that the ]kmi stops tjarthj at the diagonals. 
The circle passintr throuirh T and the small inner circle should l)e- 
dotte<l as shown in PLATE III, After inking the circles and 
ares erase the construction lines that are without the outer circles 
but leave in j>r//r/7 the diagonals inside the circle. 

In Fuj, :") f/ffitn ffjl (irrsjirst and then draw the straight lines 
nK»t»ti!iir these arcs. It is much easier to draw strairrht lines meet- 
ing arcs, or tangtMit to them, than to make the arcs tangent to 
straitdit lines. As this exercise is ditHcult, and in all mechanical 
and machine drawing arcs and tangents are frequently used we 
advise the bt^iriniu^r to draw this exercise several times. Leave 
hII construction lines m jRMicil. 

F'ffj. 6, likti J' iff, :/, is an ext»rcise with compasses. If Fiy. 6 
has been laid out accurately in |HMicil, the inked ares will be tan- 
gent to each other and the iinislied exercise will have a good 
ap|H*a ranee. If, however, the distanct^s were not accurately 
measured and the lines carefullv drawn the inked arcs will not be 
tangent. The arcs whose centers are L, F, M and E and A, B, C 
and 1) should be heavier than the rest. The snuill circles may be 
drawn with the ]>ow jk'Ii. After inking the arcs all constmctiou 
lines should ]>e erased. 
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MECHANICAL DRAWING. 

PART II. 
QEOnETRICAL DEFINITIONS. 

A point is used for marking position ; it lias neither length, 
breadth nor thickness. 

A line has length only ; it is pixnluced by the motion of a 
point. 

A straight line or riff Jit line is one that has the same direction 
throughout. It is the shortest distance between any two of ita 
points. 

A carved line is one that is constantly changing in directioR. 
It is sometimes called a curve. 

A broken line is one made up of several stmight lines. 

Parallel lines are equally distant from jeach other at all 
points. 

A horizontal line is one having the direction of a line drawn 
upon the surface of water that is at rest. It is a line parallel to 
Uie horizon. 

A vertical line is one that lies in the direction of a thread 
suspended from its upper end and having a weight at the lower 
end. It is a line that is per2)endicular to a horizontal plane. 

Lines are perpendicular to each other, if when they cross, 
the four angles formed are equal. If they meet and form two 
equal angles they are perp<mdicular. 

An oblique line is one that is neither vertical nor horizontal. 

In Mechanical Dmwing, lines drawn along tne edge of the 
T square, when the head of the T square is resting against the 
left-hand edge of the board, are called horizontal lines. Those 
dniwn at right angles or j)eri>endicular to the edge of the T square 
are called vertical. 

If two lines cut each other, they are called inivrnecting lines^ 
&2id die point at wliich they cross is called the point of intersection. 

Copyright, tiMts, hy American School of Correspond^nc*, 
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ANGLES. 

An anjcle is fornird when two straight lines meet. An angle 
is often (h^fnird as Ikmiij^ the diffeivnee in direction of two straight 
linos. The linos are caHed tlie sities and the point of meeting is 
taUed the vrrtrr. Tlnj size of an angle depends upon the amount 
of divor<^a*nee of the sitles and is independent of the length of 
these lines. 

I 




niOHT AXGLB. ACUTi: ANGLE. OBTUSE AXOLB. 

If one stniight line meet another and the angles thus formed 
are equal tiieyarc right angles. When two lines are perpendic- 
ular to eaeh other the angles formed are right angles. 

An acute angle is less than a right angle. 

An obtuse angle is greater than a right angle. 

SURFACES. 

A surface is i)rodueed by the motion of a line; it has two 

dimensions, — length and breadth. 

A plane figure is a plane l)onnded on all sides by lines; the 
spaee iiicliideil within these lines (if they ai-e straight lines) is 
called 'ti jwlj/f/on or a rectilinear fif/Hre. 

TRIANGLES. 

A triangle is a figun* enclosed by three straight lines. It is 
a polygon of three sides. The bounding lines are the sides^ and 
the points of intei-seclion oi tlu» sides are the vertices. The angles 
of a triangle are the angles formed by the sides. 

A right-angled triangle, often eallod a right triangles is one 
Uiat has a right angle. 

An acute-angled triangle is one that has all of its angles acute. 

An obtuse-angled triangle is one that hius an obtuse angle. 

In an equilateral triangle all of the sides are equaL 
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If all of the angles of a triangle are equal, the figure is called 
an equiangular triangle. 

A triangle is called scalene, when no two of its sides ai-e 
equal. 

In an isosceles triangle two of the sides are equal. 






RIGHT ANGLED TRIANGLB. ACUTB ANGLED TRIANGLE. 



OBTUSE ANGLED TRIANGLE. 



The base of a triangle is the lowest side ; however, any Side 
may be tiiken as the base. In an isosceles triangle the side which 
is not one of tlie equal sides is usually considered the l>ase. 

The altitude of a triangle is the perpendicular drawn from 
the vertex to the base. 






EQUILATERAL TRIANGLB. 



ISOSCELES TRIANgCb. 



SCALENE TRIANGLE. 



QUADRILATERALS. 

A quadrilateral is a plane figure bounded by four straight 
lines. 

The diagonal of a quadrilateral is a straight line joining two 
opposite vertices. 




QUADRILATERAL. 



TRAPEZOID. 



P A R A LLELOG RA M . 



A trapezium is a quadrilateral, no two of whose sides are 
paralleL 

A trapezoid is a quadrilaten^l having two sides paralleL 
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The bases of a tnipezoid are its paniUel sides. The altitude 
is the i)erpeii(li<Mihir distance In^tween the ba»e.s. 

A parallelogram is a quadrihitenil whose opposite sides are 
IJiir.illel. 

Thi* altitude of a i)ai'allelonrraiii is the peii>»ndieiilar distaiure 
between tlie biu^es which are the parallel sides. 

There are four kinds of panilk^ograms: 



KKCTANOLC. 



sgrARK. 



RHOMBUS. 



A rectangle is a parallelogram, all ul whase angles are right 
angles. The oi)posite sides are equal. 

A square is a rectangle, all of whose sides are equal. 

A rhombus is a parallelognnn which has four equal sides; 
but the angles are not right angles. 

A rhomboid is a ])arallelograni whose adjacent sides are 
anequal; the angles are not right angles. 

POLYGONS. 

A polygon is a plane figure bounded by straight lines. 
The boundary lines are called the sides and the sum of the 
sides is ealled the pcrunetfr. 

Polygons are ehussitied aceoiding to the number of sides. 

A triangle is a ]>olygon of three sides. 

A quadrilateral is a polygon of four sides. 

A pentagon is a polygon of five sides. 

A hexagon is a polygon of six sides. 

A heptagon is a polygon of seven sides. 

An octagon is a j)olygon of ei[fht sides. 

A decagon is a polygon of ten sides. 

A dodecagon is a polj'gon of twelve sid<n?. 
An eqvilatvral polygon is one all of whose sides are equal. 
An equiangular polygon is one all of whose angles are equal. 
A ref/ular polyyon is one all of whose angles are equal and all 
sf whose sides are equal. 
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CIRCLES. 

A circle is a plane figure bounded by a curved line, every point 
bi which is equally distant from a point within called the center. 

The curve which bounds the circle is called the circumference 
Any portion of the circumference is called an arc. 

The diameter of a circle is a straight line drawn through the 
center and terminating in the circumference. A radius is a 
straight line joining the center with the circumference. It has a 
length equal to ore half the diameter. All radii (plural of 
radius) are equal and all diameters are equal since a diameter 
equals two radii. 





PENTAGON. 



HEXAGON. 




X 



t 

\ 



OCTAGON. 



An arc equal to one-half the circumference is called a setni- 
circumference^ and an arc equal to one-quarter of the circumfer- 
ence is called a quadrant, A quadrant may mean the sector, arc 
or angle. 

A chord is a straight line joining the extremities of an arc. 
It is a line drawn across a circle that does not pass through the 
center. 

A secant is a straight line which intei-sects the ciixjuniference 
in two points. 






OIBCUI. 



A tangent is a straight line which touches the circumference 
at only one point. It does not intersect the circumference. The 
point at which the tangent touches the circumference is called the 
paint of tangencjf or paint of cantact. 
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A sector of a cbcle is the poi-tioii or area included between 
an arc and two mdii dniwn to the extremities of the arc, 

A segment of a circle is the area included between an arc 
and its chord. 

Circles aiv tangent when the circumferences touch at only 
one. j)oint and are concentric when they have the same center. 






CONCENTBIO CIRCLES. 



UraCBIBED POLYGOXr 



An inscribed angle is an angle whose vertex lies in the cir- 
cumference and whost^ sid(*s are chords. It is measured by one- 
half the intercepted arc. 

A central angle is an angle whose vertex is at the center of 

the circle and wliose sides are i*adii. 






An inscribed polygon is oni^ whose vertices lie in the circum- 
ference and whose sides are chords. 

MEASUREHENT OF ANGLES. 

To measure an angle desciibe an arc with the center at the 
vertex of the angle and having any convenient radius. The por- 
tion of the arc included between the sides of the angle is the 
measure of the angle. If the arc has a constant radius the greater 
the divergence of the sides, the longer will be the arc. H there 
are severed arcs drawn with the same center, the intercepted arcs 
will have ditTerent lengths but they will all be the same firaetian 
of the entire circumference. 

In order that the size of an angle or arc may be stated with- 
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out sajing that it is !i certain fnictioii of a ciR-uiiiference, tlie lir 

cuinfereiice is divided into StJO 

equiil [)arts called degri.'cs. Tims 

we can say that an angle contains 

46 degrees, which uieans that it is 

■^^ = J of a eircmnference. In 

Older to obtiiin accurate measure- iBoy- 

mcnts each degree is divided into 

60 equal pitrt^ called minutes and 

each minute is divided Into 60 equal 

piirts called seconds. Angles and 

arcs are usually measured by means of an insti-umeiit called a 

protractor whicli lias already been explained. 




SOLIDS. 

A polyedron is a solid bounded by planes. The I)oundtng 
planes are calle<l the facet and their iiitci-sections edijea. The 
intersections of the edges are called vertices. 

A polygon having four faces is called a tetraedron; one having 
six faces a hexaedron ; of eight face^ an octaedron ; of twelve 
faces a dodecaedron, etc. 






A prism is a polyedron, of which two opposite faces, called 
bases, are equal and parallel ; the otlier faces, called lateral faceti 
are parallelograms. 

The area of the latei-al faces is called tlie lateral area. 

The altitude of a prism is tlie ^)erpeiidicuLir distance between 
the bases. 

Prisms are triangular, quadrangxdar, etc., according to the 
shape of the l>a.«e. 

A right prism is ouo whose lateral edges am pcri»endiculat 
to the base? . 
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A reg^ular prism is a i-iglit prism having regular polygons for 
bases. 

A parallelepiped is a prism whose bases are parallelograms. 
If tlie (^(Igcs iire all perpendicular to the bases it b called a rij^ht 
[Kiralk'lopiped. 

A rectangular parallelepiped is a right pandlelopiped whose 
liases are roctiingl(»s ; all tin* faces an^ rectangles. 






PAKALLKLOnri.D. 



UUCVTANUl'LAIl TARALLELOPIPED. 



OCTAKDBON. 



A cube is a rectangular parallcloi)i|>ed all of whose faces are 
squares. 

A truncated prism is tite portion of a prism included between 
the base and a plane not parallel to the base. 

PYRAMIDS. 

A pyramid is a polycdron one face of which is a polygon 

(called tlio base) and the oilier faces are tnsmgles having a com- 
mon vertex. 






PYRAMID. 



RKGULAB PYRAMID. 



ntUBTUU OF PYBAMXO. 



The vertices of the triangles form the vertex of the pyramid. 
The altitude of the pynunid is the perpendicular distance 
from the vertex to the Ixise, 

A pyramid is called triangular, quadrangular, etc., accord- 
ing to the shape of the base. 

A regular pyramid is one whose base is a regular polygou 
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and whose vertex lies in the perixMidicuhir erected at the center 
of the Iku!*'. 

A truncated pyramid is tlu* portion of n pyramid included 
between the luise and a plane not i)arallel to the base. 

A frustum of a ])yraniid is the solid ineluded between the 
b:ist^ and a plane })arallel to the base. 

The alfitu(h' of a frustum of a pyramid is the peri>i?ndi(nilar 
distance l)et\veen the bases. 

CYLINDERS. 

A cylindrical surface is a curved surface <j^cnerated l>y tlie 
motion of a straight line which touches a curve and Cinitinucs 
parallel to itself. 

A cylinder is a solid bounded by a cylindrical surface and 
two parallel pianos intei-secting this surface. 

The parallel faces are called hastes. 







CYUNDER. 



RIGHT CYLINDKK- 



INSCRinilD C\LINDBR. 



The altitude of a cylinder is the perpendicular distance 
Ixjtween the Ixases. 

A circular cylinder is a cylinder w'hose base is a circle. 

A riii^ht cylinder or acf/Iinder of revolution is a cylinder gen- 
erated by the revolution of a rectangle about one side as an axis. 

A prism whose biise is a legular polygon may hi^ ins(Mil>ed in 
or eii-cumscribcd about a circular cylinder. 

The cvlindrical area is call the lateral area. The total area 
is the area of the bases added to the lateral area. 

CONES. 

A conical surface is a cui-ved surface generated by the 
motion of a straight line, one i)oint of which is fixed and the end 
Oi ends of which move in a curve. 
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A cone is a solid bounded by a conical surface and a plane 
which cuts the conical surface. 

The plane is called the base and the curved surfaise the 
lateral area. 

The vertex is the fixed point. 

The altitude of a cone is the i>crpendicular distance from the 
vertex to the base.. 

An clement of a cone is a straight line from the vertex to the 
perimeter of the base. 

A circular cone is a cone whose base is a cii*cle. 






CONE. 



RIOHT CIRCULAR CONE. 



FRUSTUM OP CON B. 



A right circular cone or cone of revolution is a cone whose 
axis is perpendiaiilar to the base. It may be generated by the 
revolution of a riglit triangle about o^e of the perpendicular sides 
as an axis. 

A frustum of a cone is the solid included between the base 
and a plane parallel to the base. 






KI'IIEUU. 



SrilKKK. 



TANQEKT I'LAHK. 



Tho altitude of a frustum of a cone is the perpendicular 
distance between tlic bases. 

SPHERES. 

A sphere is a solid bounded by a curved surface, every point 

of which is equally distant from a point within called the center. 

The radius of a sphere is a straight line drawn from the 
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center to the surfiico. The diameter is a straiirht line drawn 
through the center and having its extremities in the surface. 

A sphere may l)e generated by the revohition of a semi-circle 
al)out its diameter ius an axis. 

An iuBcriheJ poJyedron is a polycdron whose verti(».es lie in 
the surface of th<» sphere. 

An cireumnrrifted jwlyedron is a j)olyedron whose faces are 
tiingent to a 8i)here. 

A great circle is the intei'section of the spherical surface and 
a plane passing througli the? center of a sphere. 

A amall circle is the intersection of the spherical surface* and 
a plane wliich does not pass through the center. 

A sphei"e is taiujent to a plane when the plane touches the 
surface in only one point. A plane perpendicular to the extrp»^ity 
of a radius is tangent to the sphere. 

CONIC SECTIONS, 

If a plane intersects a cone the geometrical figures thus 
formed are called conic sections. A plane perpendicular to the 
l)ase and passing through the vertex of a right circuhir cone forms 
an isosceles triangle. If the plane is parallel to the base the 
intersection of the plane and conical surface will be the circum- 
ference of a circle. 




y 





Fig. 1. Fig. 2. Fig. 3. Fig. 4. 

Ellipse. The ellipse is a curve formed by the intei-section of 
a plane and a cone, the plane being oblique to the axis but not 
cutting the base. If a plane is passed through a cone Jis shown 
in Fig. 1 or through a cylinder as shown in Fig 2, the curve oi 
intersection will be an ellipse. An ellipse may lx» defined as 
lieing a curve generated hy a point moving in a plane^ the sion oj 
the distances of the point to two fixed points being always constant. 

The two fixed points are called the foci and lie on the 
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lon<]fost Vine that can l>o drawn in the ellipst^ One of these j>oint8 
is calhMl ji focNH, 

Tlie longest line that can he drawn in an ellipse is called the 
ma'or axis and thti shortest line, passing through the center, is 
called the minor axis. Tlie minor axis is perpendieuhir to tlie 
niiddlt* point of the major axis, and the point of intciseetion is 
caUcd tlie center 

An cllips(^ may l»e constructed if the major and minor axes 
ai"e given or if the foci and one axis are known. 




i^r/^rrx 




KLLIPKE. 



PARABOLA. 



TRANSy^RSE^ 



m 

Parabola. The pambola is a (jurve formed by the inter- 
section of a cone and a phme i)amllel to an element as shown in 
Kig. 3. Tlie curve is ncU a closed curve. The bmnches appmach 
[^irallclisni. 

A parabola may be defined as l)eing a curve every point of 

which Is etpially diataitt from a line 
and a point. 

The |)oint is called the focus and 
th(^ given line the directrix. The 
lint; perpendicular to the directrix 
and passing through the focus is 
the axis. The intei-section of the 
axis and the curve is the vertex. 

Hyperbola. This curve is formed 
by tlio intei'S(»cti{)n of a plane and a (jone, the plane being parallel 
to the axis of the cone as shown in Fig. 4. Like the parabola, 
the curve is not a closed curve ; the branches constantly diverge. 
An hyj)erbola is dcfin(;d as being a plane curve 6uch that the 
dijrf.Tej/ne of the distanct'8 from any point in the curve to two fixed 
point H is eijual to a given distantse. 





iivrr.itiiOLA. 
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The two fixed points are the foci and the line passing throiijjch 
them is tlie transverse axis. 

Rectangular Hyperbola. The form of hyperbohi most used 
in Mechanical Engineering is called tlie rectiingidar hyperbola 
I)ecause it is di*awn witli n»ference to rectanguhir co-ordinates. 
This curve is constructed a.s follows : In Fig. 5, O X and O Y are 
the two co-ordinates drawn at right angles to each other. These 

lines are also called axes or y ^ € r g h c 

asymjitotes. Assume A to 
be a known point on the 
curve. In drawing tliis curve m 
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/--.*-j*-T;'f J- .'. 

• •' ' ''»' • I • ' I 

''.'■'■' ' I : • 

Hk* I ■ T • • 



for the theoretical indicator ^ 

card, tills point A is the point ^ 
of cut- off. 

' Draw A C pai-allel to _ 

O X and A D perpendicular ^ Z7 e' /- g' h' x 

to O X. Now" mark off any '^' 

convenient points on A C) such as E, F, G, and II ; and through 
these points dniw EE', FF', GG', and HH' perpendicular to () X. 
Connect E, F, G, II and C with O. Tlirough the points of inter- 
section of the ol)lique lines and the vertical line A I) draw the 
horizontal lines LL', MM', NN', PP' and QQ'. The fiist point (m 
the curve is the ivssumed point A, the second point is R, tln^ 
intersection of LL' and EE'. The third is the intei-section S 
of Mil' and FF'; the fourth is the hitersection T of NN' and 
GG'. The other points are found in the same way. 

In this curve the products of the co-ordinates of all points are 
equal. Thus LR X RE' = MS x SF'= NT X TG'. 

ODONTOIDAL CURVES. 

The outlines of the teeth of geai's must be drawn accunitely 
because the smootlmess of running depends upon the shape of the 
teeth. The two classes of cuitcs generally employed in drawing 
gear teeth ai*e the cycloidal and involute. 

Cycloid. Tlie cycloid is a curve genenvtiMl by a point (»n the 
circumference of a circle which rolls on a straight line t^ingcnt to 
the circle. 

Tlie rolling ciitile is trailed the ihtncnhing or iirnrratlmt circle 
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and the point, tlie descrihbuj or generating point. The tangent 
alonuf wliich the circle rolls is called tlie director, 

\\\ order that the curve may be a true cycloid the circle must 
roll without any slipping. 
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Epicycloid. If the g(»nerating circle rolls upon the outside 
of an arc or cii-cle, called the director circle^ the curve thus gener- 
ated is called an epicycloid. The method of drawing tliis cui-ve 
is the same as that for the cycloid. 

Hypocycloid. In case the generating circle rolls upon the 
inside of an arc or circle, the curve thus generated Is called the 
hypocycloid. The (circle upon which the generating circle rolls is 



rP!^^^^ 




>jgbiJI^ 




called tlie director circle. If the generating circle has a diameter 
equal to the radius of the director circle the hypocycloid becomes 
a straight line. 

Involute. If a tinead or fine wire is wound around a 
cylinder or circle and then unwound, the end will describe a 
curve called an involute. The involute may be defined as being 
a currc generated hg a point in a tangent rolling on a circle knoion 
an the huse, circle. 

Tlie construction of the ellipse, parabola, hyperbola and 
odontoidal curves will l)e taken up in detail with the plates. 
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PLATE IV. 

Pencilling. The horizontal and vertical center lines and the 
border lines for Pi^T^ '/F should he laid out in the same 
manner as were those for PLATE L There are to l^e six figures 
on this plate and to facilitate the laying out of the work, tlie fol- 
lowing lines shoidd be drawn : measure off 2^ inches on lx)tli sides 
of the vertical center line and through these points di-aw vertical 
lines as sliown in dot and dash lines on PLATE IV. In these 
six spaces the six figures are to l)e drawn, the student placing 
them in the centers of the spaces so that they will present a good 
appearance. In locating the figures, they should be placed a little 
above the center so tliat there will be sufficient space below to 
number the problem. 

The figures of the problems should first be drawn lightly in 
pencil and after the entire plate is completed the lines should be 
inked. In pencilling, all intersections must be formed with great 
care as the accuracy of the results depends upon the pencilling. 
Keep the pencil points in good order at all times and draw lines 
exactly through intersections. 

QEOMETRICAL Pl^OBLEMS. 

The following problems are of great importance to the 
mechanical draughtsman. The student should solve them with 
care; he should not do them blindly, but should understand them 
so that lie can apply the principles in later work. 

PROBLEM I. To Bisect a Given Strais^ht Line. 

Draw the horizontal straight line A C about 3 inches long. 

With the extremity A as a center and any convenient radius 

(about 2 inches) describe arcs above and below the line A C. 

With the other extremity C as a center and with the same radius 

draw short arcs above and below A C intersecting the fii>5t arcs at 

D and E. The radius of these arcs must be greater than one-half 

ths length of the line in order that they may intersect. Now 

draw the straight line D E passing through the intei-sections D 

and E. This line cuts the line A C at F which is the middle 

point. 

AP=PO 
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Proof. S:dcv tf;e :^ :d:- I> ar.-l E are e^oallT distant from 
A ami (' ;i <:i:S:.i lire 'insR tr.n>:jar:. them U perpendioular to 
A C at :> ::.:';':l«i: >j:Lt F. 

VliOHLKM it. To Constrnct an An^le Equal to a Given 
Ansrie. 

Ora'-v th»^ line O C ar«>'it - iiiches L:»ng and the line O A of 
alx;ijt the nil me length. The an^rle formed bv these lines may be 
any convenient size (alK»ut 4.> dtrgrees Is sai table"). This angle 
A or* is the given angle. 

No;v draw F G a li«»rizont»'4l line about 2^ inches long and let 
F the left-hand ^-xtremity lie the vertex of the angle to be 
constructed. 

With O fts a center and any convenient radios (about IJ 
inches; descril»e the arc L M cutting both O A and OC With 
F as a center and the same rarlius draw the indefinite arc O Q. 
Now set the conipa.ss so that the distance between the pencil and 
tlie needle point is equal to the chord L M. With Q as a center 
an<l a radius equal to L M draw an arc cutting the arc O Q at P. 
Thr<jugh F and V draw the straight line F E. The angle E F G 
is the requinMl angle since it is equal to A O C. 

Proof. Since the chords c»f the ares L M and P Q are equal 
thf* arcs art; equal. The angles are equal because with equal 
ladii e(|ual arcs are intercepted by equal angles. 

PROBLEM 3. To Draw Throus:h a Given Point a Une 
Parallel to a Given Line. 

First Mf'fhod, Dmw the horizontal straight line A C about 
f)\ inches long and assume the point P about 1^ inches above 
A C. TInough the point P draw an oblique line F E forming 
any convenient angle with A C. (Make the angle about 60 
d(*grees). Now constiiict an angle equal to P F C having the 
vci'tex at P and one side the line E P. (See problem 2). 
This may l)c done as follows: With F as a center and any con- 
venient radius, describe the arc L M. With the same radias 
draw tli(; indefinite arc N O using P as the center. With N as a 
center and a radius equal to the chord L M, draw an arc cutting 
tlu; arc N O at O. Through the points P and O draw a straight 
line which will be parallel to A C. 
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Proof. If two straight lines are cut by a third making the 
corresponding angles equal, the lines are parallel. 

PROBLEM 4. To Draw Through a Given Point a Une 
Parallel to a Given Line. 

Second Method, Draw the straiglit line A C about 3 J inches 
long and a^jsiime the ix)int P about 1^- inches above A C. With 
P as a center and any convenient radius (about 2^ inches) draw 
the. indefinite arc E D cutting the line A C. Now with the same 
mdius and with D as a center, draw an arc P Q. Set the com- 
pass so that the distance between the needle point and the pencil 
is ecjual to the chord P Q. With D as a center and a radius 
equal to P Q, describe an arc cutting the arc E D at H. A line 
drawn through P and H will be parallel to A C. 

Proof. Draw the line Q H. Since the arcs P Q and H D 
are equal and have the same radii, the angles P 11 Q and H Q D 
are equal. Two lines are parallel if the alternate interior angles 
aie equal. 

PROBLP^M 5. To Draw a Perpendicular to a Line from 
a Point in the Line. 

Firat Method. When the point is near the middle of the line. 

Draw the horizontal line A C about ^\ inches long and 
assume the point P near the middle of the line. With P as a 
center and any convenient radius (about 1^ inches) draw two arcs 
cutting the line A C at E and F. Now with ¥j and F as centers 
and any convenient radius (about 2^- inches) describe arcs intei^ 
secting at O. The line O P will be perpendicular to A C at P. 

Proof. The points P and O are equally distant from E and 
F. Hence a line drawn through them is perpendicular to the 
middle point of E F which is P. 

PROBLEM 6. To Draw a Perpendicular to a Line from 
a Point in the Line. 

Second Method. When the point is near the end of the line. 

Di-aw the line A C about 3 J inches long. Assume the given 
point P to be about | inch from the end A. With any |X)int D 
as a center and a radius equal to D P, describe an arc, cutting A C 
at E. Through E and D draw the diameter E O. A line from 
O to P is perpendicular to A C at P. 
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Proof. Tilt' aii<^lo O P E is iiiscriljed in a semi-circle ; hence 
it is a rijxlit an^h*. and the sides O I^ and P E are per|)endicular 
to each other. 

After comnh'tinir these figures draw pencil lines for the 
lettering. Tlie words ^^ PLATE IV^ and the date and name 
slionhl Ih' phued in th»^ l)oixler, as in pi-ecediug plates. To 
letter tlie words •• FrohhMn 1," '* Problem 2," etc., draw horizontal 
lines J inch above the liorizontal center line and the lower border 
Vww. Draw another line -^^^ inch al:)ove, to limit the height of the 
P, h and /. Draw a third line J inch above the lower Ime as a 
guide line for tlie tops of the small letters. 

Inking:. 1»» inking PLATE IViht figures should be inked 
lii-st. The line A (/ of Prol>leni 1 ahoidd be a full Hue as it is 
the given line ; the arcs and Jine I) E, being construction lines 
should ])e dotted. In Problem *2, the sides of the angles should 
I)e full lines. Make the chord L M and the arcs dotted, since 
as before, they are construction lines. 

In Problem 8, the line A C is the given line and P O is the 
line drawn parallel to it. As E F and the arcs do not form a part 
of the problem but are merely construction lines, drawn as an aid 
in locating P O, they should Ik? dotted. In Problems 4, 5 and 6, 
the assumed lines and those foinid bv means of the constiniction 
lines should Ih> full lines. The arcs and construction lines should 
*»'^ dotted. In Problem G, the entire circumference need not be 
Inked, only that part is n(»cessary that is used in the problem. 
The inked anr should however Ije of sufficient length to pass 
through the points O, P and E. 

AftcM- inking the figures, the Iwrder lines shoidd be inked 
with a heavy line as lx»fore. Also, the woi*ds ^' PLATE IV** and 
the date and the student's name. T'ndereach problem the words 
" Pvobh»m 1,'' '' Problem 2," etc., should \)e inked; lower case let- 
ters beinjr used us shown. 

PLATE V. 

Pencillins:. lu hiying out the border lines and centre lines 
follow the directions given for PLATE IV, The dot and 
dash lines should bo drawn in the same manner as there are to be 
six problems on this plate. 
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PROBLEM 7. To Draw a Perpendicular to a Line from a 
Point witliout the Line. 

Draw the horizontal straight line A C about 3^ inches long. 
Assume the point P about 1^- inches above tlie line. With P aa 
a center and any convenient melius (about 2 inches) describe an 
arc cutting A C at E and F. The radius of this arc must always 
be such that it will cut A C in two points; the nearer the points 
E and F are to A and C, the greater will be the accuracy of the 
work. Now with E and F as centers and any convenient radius 
(about 2^ inches) draw the arcs intersecting below A C at T. A 
line through the points P and T will be perpendicular to A C. 

In case there is not room below A C to draw the arcs, tliey 
may be di*awn intersecting above the line as shown at N. When- 
ever convenient, draw the arcs below A C for greater accuracy. 

Proof. Since P and T are equally distant from E and F, 
the line P T is perpendicular to A C. 

PROBLEM 8. To Bisect a Given Angle. 

First Method. When the sides intei*sect. 

Draw the lines O C and O A forming any angle (from 45 to 
60 degrees). These lines should be about 3 inches long. With 
O as a center and any convenient radius (about 2 inches) draw 
an arc intei-secting the sides of the angle at E and F. With E 
and F as centers and a radius of IJ or 1| inches, describe short 
arcs intersecting at I. A line O D, drawn through the points O 
and I, bisects the angle. 

In solving this problem the arc E F should not l)e too near 
the vertex if accuracy is desired. 

Proof. The centml angles A O D and DOC are equal 
because the arc E F is bisected by the line O D. The point I is 
equally distant from E and F. 

PROBLEM 9. To Bisect a Given Angle, 

Second Method. When the lines do not intersect. 

Draw the lines A C and E F about 4 inches long and in the 
positions as shown on PLATS V. Draw A' C and E' F' parallel 
to A C and E F and at such equal distances from them that 
they will intersect at O. Now bisect the angle C O F' by 
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the method of Problem 8. Draw the arc G H and with G and ] 
Ha centei's draw the arcs intersectiiig at K. The line O R bisects! 
the angle. 

Proof. Since A' C io pamllel to A C and E' F* parallel t*l 
E F, tlie aiigle C O F* is equal to the angle formed liy the lineal 
A C and E F. Henue aa O R bisects angle C O F' it also bi>tectj 
tlie angle formed hy the lines A C and E F. 

PROBLEM 10. To Divide a Given Line into any Numbt 
of Equal Parts. 

Let A C, about 3| inches long, be the given line. Let i 
divide it into 7 equal pai-ts. Draw tlie line A J at least 4 inchea 
long, forming any convenient angle with AC. On A J layoff, 
by means of tlie dividets or scale, points D, E. F, G, etc., each ^ i 
apart, If dividei'S are used the spaces need not be exactly i 
inch. Draw the line J C and through the jioints D, E. F, G, etc^ 
draw lines parallel to J C. These parallels will divide the lin 
A C into 7 equal parts. 

Proof, If a series of parallel lines, cutting two strajghfl 
lines, intercept equal distances on one of these lines, they aLs 
intercept equal distances cm the other. 



PROBLEM 11 
Three Sides. 

Draw the three sides 
AC, 
EF, 

MN, 



To Construct a Triangle having given t 

Ls follows : 
2| inches long. 



1^1 inches long. 

2-^ inches long. 
Draw R S equal in length to A C. With R as a center an^ 
a radius equal to E F describe an arc. With S as a center t 
a radius equal to M N draw an arc cutting the arc previoualjr I 
drawn, at T. Connect T with R and S to form the triangle. 

PROBLEM 12. To Construct a Triangle having giv«|fl 
One Side and the Two Adjacent Angies. 

l)r:iw the line M N -i^ inchea long atid draw two anglea 
A O D and E F G. Make the angle ADD alxmt 30 degrees a 
E F G about 60 degrees. 

Draw R S equal in length to M If and at R constract a 
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angle equal to A O I). At S consti-uct an angle equal to E F G 
by the method used in Problem 2. PLATE V shows the neces- 
sary arcs. Produce the sides of the angles thus constructed 
until they meet at T. The triangle R T S will be the required 
triangle. 

After drawing these six figures in pencil, draw the pencil 
lines for the lettering. The linrs for the words ''PLATE K," 
date and name, should be pencilled as explained on page 20. 
The words " Problem 7/' " Problem 8," etc., are lettered as for 
PLATE IV. 

Inking. In inking PLATE V, the same principles should 
be followed as stated with PLATE IV. The student should 
apply these principles and not make certain lines dotted just 
because they are shown dotted in PLATE V. 

After inking the figures, the border lines should be inked 
and the lettering inked as already explained in connection with 
previous plates. 

PLATE VI. 

Pencilling, Lay out this plate in the same manner as the 
two preceding plates. 

PROBLEM 13. To describe an Arc or Circumference 
throus^h Three Given Points not in the same straight line. 

Locate the three points A, B and C. Let the distance 
between A and B be about 2 inches and the distance between A 
and C be al)out 2| inches. Connect A and B and A and C. 
Erect pei-pendiculars to the middle points of \ B and A C. This 
may be done as explained with Problem 1. With A and B as 
centers and a radius of about 1^ inches, describe the arcs intei^ 
secting at I and J. With^ A and C as centers and with a i-adius 
of about 1| inches draw the arcs, intersecting at E and F. Now 
dmw light pencil lines connecting the intersections I and J and 
E and F. These lines will interaect at O. 

With O as a center and a radius equal to the distance O A^ 
describe the circumference passing through A, B and C. 

Proof. The point O is equally distant from A, B and C, 
since it lies in the perpendiculaiB to the middle points of A B and 
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A C. HoiKif the ciRunifercncf will pass through A, B and C. 

PK( )r>Li:M 14. To inscribe a Circle in a sriven Triansrle. 

Draw ili«» triangle L M X of any convenient size. M N may 
\\e niadf o] iiu Iu\s L M, '2'1 inches, and L N, 8 J inches. Bisect 
tlic an<iflcs M \j X an<l L M X. The l)isectoi"s M I and L J niav 
Im* (liawn l)v the method nsed in Prohlem 8. Describe the aiv.s 
A C' and K F, having cMMiters at L and M respectively. Tlie arcs 
iiitersccling at I and J are drawn ius alrea^ly explained. The 
hiscilors oF the angles intersect at O, which is the center of the 
insi riluMl cirile. Tin* radius nf the* circle is equal to the perilen- 
ticular distance from O to one of the sides. 

Proof. The point of intersection of the bisectoi-s of the 
angles nf a triangle is ecjually distant from the sides. 

IMi()r>LKM If). To inscribe a Regular Pentas^on in ag:iven 
Circle. 

Willi () as a center and a radius of al)ont IJ inches, descril)e 
lln' given eirclc. With the T square and triangles draw the cen- 
ter lines A (■ and K F. These lines should he perpendicular to 
<M(h other and j)ass through (). Bisect one of the radii, such as 
() C, and with this j)oint 11 as a center and ai*adius H E, describe 
the are K I\ This an? cuts the diameter A C at P. With E as 
a center and a ladius E P, draw arcs cutting the circumference 
at L and i^. With the same radius and a center at L, draw the 
are, cutting the circumference at M. To find the point N, use 
eiilnM" ]\I or ii as a center and the distance E P as a radius. 

Th(» j)eniagon is completed hy drawing the chords E L, L M, 
M X, X Q and Q K. 

PKOiUyEM IG. To inscribe a Regular Hexagon In a s:iven 
Circle. 

With O as a center and a radius of 1| inches dmw the given 
circle. With the T s(]uare draw the diameter A D. With D as 
a center, and a radius e(pnd to () D, describe arcs cutting the 
circumference at C and E. Xow with C and E as centers and 
the same radius, draw tlu^ arcs, cutting the circumference at B 
and F. Draw the hexagon by joining the points thus formed. 

To inscribe a regrnlar hexagon in a circle mark off cIiomIs 
dquul in length to the radius. 
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To inscribe an equilateral triangle in a circle the same method 
3iay be used. The triangle is formed by joining the opposite 
vertices of the hexagon. 

Proof. The triangle O C D is an equilateral triangle by 
construction. Then the angle COD is one-third of two right 
angles and one-sixth of four right angles. Hence arc C D is one- 
sixth of the circumference and the chord is a side of a regular 
hexagon. 

PROBLEM 17. To draw a line Tangent to a Circle at a 
given point on the circumference. 

With O as a center and a radius of about 1^ inches draw 
the given circle. Assume some point P on the circumference 
Join the point P with the center O and through P draw a line 
F P perpendicular to P O. This may be done in any one of several 
methods. Since P is the extremity of O P the method given in 
Problem 6 of PLATE IV, may be used. 

Produce P O to Q. With any center C, and a i-adius C P 
draw an arc or circumference passing through P. Draw E F a 
diameter of the circle whose center is C and through F and P 
draw the tangent. 

Proof. A line perpendicular to a radius at its extremity is 
tangent to the circle. 

PROBLEM 18* To draw a line Tangent to a Circle from a 
point outside the circle. 

With O as a center and a radius of about 1 inch draw the 
given circle. Assume P some point outside of the circle about 
2^ inches from the center of the circle. Draw a straight line 
passing through P and O. Bisect P O and with the middle 
point F as a center describe the circle passing through P and O. 
Draw a line through P and the intersection of the two circum- 
ferences C. The line P C is tangent to the given circle. Simi- 
larly P E is tangent to the circle. 

Proof. The angle P C O is inscribed in a semi-circle and 
hence is a right angle. Since P C O is a right angle P C is per- 
pendicular to C O. The perpendicular to a radius at its extremity 
IS tiingent to the circumference. 

Inking- In inking PLATE VI the same method should be 
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follov. ♦••1 ft- in ii:»-v:".is :l;ir»r-. Thr ::.inie an*! a«itiress siiouiJ be 
let.fi r»-i I [u i:.«l;ii.-<l (foriiii; i-iipiia.s as befiire. 

PLATE VII. 

Pencilling:. PF.ATE ]'II >\\*^mA \mf Liid ont in the >arae 

rfi;iiiii»-r n- pi^'viniis |.l:it»-<. Six {•rorilenis »^!i the ellii^e, spmi.. 
ji;tr:il)'i!,i .t:.'i i.yj»eilM»!;i a:»- to U- ••'•iiiitni'.tr*.! in ihe six spooes. 

V\{()VAA\\\ r.«. To draw an Ellipse when the Axes are 
jfiven. 

DiM'.v tin: iiiK's L M ,i\\i\ CI) aUiiit Z\ antl '1^ inches lon^^ 
n-|i#-( tl v<'l\ . L*t < I> ]h* jM'ijM-ndicular lo M X at it;* niiildle 
|ioijit P. M;tk'- C I' -I* I). These twi I lines are the axes. With 
( ;i- ii '•••iiNrr jinrl :i ijulius »*ijual to one-half the major axis or 
i-^jiiiil to L I*. <lnt'.v tli»* ;tr«-. riittini^ llie major axis at E and F. 
TlM-wr two points Jin- th»* fof-i. \o\v mark off any convenient 
^li^t;lMr•^•-i oil I* M. sinli ;is A, H and Ci. 

Witli \'\ a-s n <j'nt<*r and a ridius equal to L A, dm w arcs 
:il»<»v«r an<I IhIow L M. With K as a center, and a radius equal 
to A M <h*>< rilH- >liort arcs ciittint: tln>se already drawn as shown 
;it N. Willi \\ :i> a (M*nl«T ainl a ladiiis equal to L B draw arcs 
;il)ov<- an<l 1m-1(ov L M as Iwt'on^ With F as a center and r. radius 
«'«|ii.il to I'» M, draw arcs int<'i*s<M*ting those already drawn as shown 
:it, O. The jioiiit. I* aiul others arc found ])y repeating the process. 
Thi- student is a<l vised to lind at least 12 points on the curve — 
♦ J Mhovr iind ♦'» hch>w Ii M. These 12 points with L, C, M and 
|) will cMwhIc the student to draw the curve. 

After loc;it,in^^ theses points, a free liand curve passing through 
them should In- sl<et(died. 

ri(()IU>K.M 20. Todrawan Ellipse when the two Axes are 
)(iven. 

St'cnnd Mrthnd. Draw the two axes A B and P Q in the 
same imniner as for Prohlem 19. With O as a center and aradnis 
e(|nal to one-half the major axis, descril)e the circumference A C 
I) Vi V \\, Similarly with tiic^ same center and a nidi us equal to 
one-hjilf the minor axis, describe a circle. Draw any radii such 
as ()(',() I), () K, () F, etc., cutting both circumferences. These 
radii may l»c drawn with the GO and 45 degree triangles. At the 
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points of intersection of the radii with the large circle C I) E and 
F, draw vertical lines and from the intersection of the radii with 
the bmall circle C, D', E', and F', draw horizontal lines intei*sect- 
ing the vertical lines. The intei-sections of these lines are points 
on the curve. 

As in Problem 1 9, a free hand curve should he sketched pass- 
ing through these points. About five points in each quadrant 
will be sufficient. 

PROBLEM 21. To draw an Ellipse by means of a 
Trammel. 

As in the two preceding problems, draw the major and minor 
axes, U V and X Y. Take a slip of paper having a straight 
edge and mark off C B equal to one-half the major axis, and D B 
one-half the minor axis. Place the slip of paper in various 
positions keeping the point I) on the major axis and the point C 
on the minor axis. If this is done the point B will mark various 
points on the curve. Find as many points as necessary and sketch 
the curve. 

PROBLEM 22. To draw a Spiral of one turn in a circle. 

Draw a circle with the center at O and a radius of 1\ inches. 
Mark off on the radius O A, distsmces of one-eighth inch. As 
O A is li inches long there will be 12 of these distances. Draw 
circles through these points. Now draw radii O B, O C, () D 
etc. each 80 degrees apart (use the 30 degree triangle). This 
will divide the circle into 12 equal parts. The cui've starts at the 
center O. The next point is the intersection of the line O B and 
the fii-st circle. The third point is the intersection of O C and 
the second circle. The fourth point is the intei*section of O D 
and the third circle. Other points are found in the same way. 
Sketch in pencil the curve passing through these points, 

PROBLEM 23. To draw a Parabola when the Abscissa and 
Ordinate are given. 

Dniw the straight line A B about three inches long. This 
line is the axis or as it is sometimes called the abscissa. At A 
and B draw lines perpendicular to A B. Also with the T square 
draw E C and F D, IJ inches above and below A B. Let A be 
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ihe vertex of the phhiIkiIh. Divide A K into any number of 
equal jtarta and divide K C into tlie same number of equal ]>arts. 
Throiigli tbe points of division. It, S, T, U and V. draw horizontal 
lines and connect L. M. N. O and P. with A. The intersections 
of the hurizont'd lines with the oblique lines are points on tbe 
curve. For imtance, the intersection of A L and the line V is 
one point and the intersection of A M and tbe line U is another. 
Tiie lower part of tlie curve A D is drawn in the same 



I'UOHLEM 24. To draw a Hyperbola when the abscissa 
E X, the ordinate A E and the diameter X V are siven. 

Diiiw E K iibout 3 inulies lon[^ iind mark tlie point X, 1 inch 
fnim K and the point V, 1 inch from X With tlie triangle and 
T square, draw the rectangles A IJ D C Hnd O P Q R such tliat 
A K is 1 inch in length and A C, 3 inches in length. Divide 
A E into any number of equal parts and A B into the same num- 
ber of equal parts. Draw L X, M X and N X; also connect T, 
U and V with Y. The fii-st point on the cnrve is the intersection 
A ; the next is the interseclinn of T Y and L X ; the thii-d the 
intersection of U Y and M X. The remHining jwints are found 
in the same manner. The curve X C and the right-hand cnrve 
P Y Q aie found by repenting the process. 

Inking. In inking the figures on this plat«, use the French 
or irrfgular curve and make full lines for tbe curves and their 
axes. The construction lines should be dotted. Ink in all the 
construction lines used in finding one-half of a cnrve, and ia 
Problems 19, 20, 23 and 24 leave all oonstrnction lines in pencil 
except those inked. In Problems 21 and 22 erase all consti-uction 
lines not inked. The trammel used in Problem 21 may t>c dntwa 
in the position as shown, or it may be drawn outride of the ellipse 
iu any convenient place. 

The same lettering should be done on this plate as on jii-evione 
plates. 

PLATE Viil. 

Pencilling. In laying out Plate VIII, draw the boi-der linea 
and horizontal and vertical center lines as in previons plates, to 
divide the plate into four spaces for the four problems. 
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PROBLEM 25. To construct a Cycloid when the diameter 
of the generating circle is given. 

With O' as a center and a radius of ^ inch draw a circle, and 
tangent to it draw the indefinite horizontal straight line A B. 
Divide the circle into any number of equal parts (12 for instance) 
and through these points of division C, D, E, F, etc., draw hori- 
zontiil lines. Now with the dividers set so that the distance 
Ixjtween the points is equal to the chord of the arc C D, mark off 
the points L, M, N, O, P on the line A B, commencing at the 
point H. At these points erect perpendiculars to the center line 
G O'. This center line is drawn through the point O'" with the 
T square and is the line of centers of the generating circle as it 
rolls along the line A B. Now with the intersections Q, R, S, 
T, etc., of these verticals with the center line as centers describe 
arcs of circles as shown. The points on the curve are the inter- 
sections of these arcs and the horizontal lines drawn through the 
points C, D, E, F, etc. Thus the intersection of the arc whose 
center is Q and the horizontal line through C is a point I on the 
curve. Similarly, the intersection of the arc whose center is R 
and the horizontal line through D is another point J on the curve. 
The remaining points, as well as those on the right-hand side, are 
found in the same manner. To obtain great accuracy in this 
curve, the circle should be divided into a large number of equal 
parts, because the greater the number of divisions the less the error 
due to the difference in length of a chord and its arc. 

PROBLEM 26. To construct an Epicycloid when the di- 
ameter of the s^neratins: circle and the diameter of the director 
circle are given. 

The epicycloid and hypocycloid may be drawn in the same 
manner as the cycloid if arcs of circles are used in place of the 
horizontal lines. With O as a center and a radius of | inch 
describe a circle. Draw the diameter E F of this circle and pro- 
duce E F to G such that the line F G is 2| inches long. With 
G as a center and a radius of 2| inches describe the arc A B of 
the director circle. With the same center G, draw the arc P Q 
which will be the path of the center of the generating circle as it 
rolls along the arc A B- Now divide the generating circle into 
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any number of equal parts (twelve fi>r instance) Mid tlirough tlie 
(mints of divisifiii H, I, L, M. and N, dr.iw fti-cn having (i as a 
center. Witt the dividers set so that tiie distance between the 
points is equal to the chord H I, mark off distances on the 
director circle A F B. Through these points of division R. S, 
T. U, etc., draw radii inieraecting the are P Q in the points R', S'. 
T', etc., and with these points as centers describe arcs of circles 
a» in Problem 2,5. Tlie inlersections of these arcs with the arcs 
already drawn thi-qiigh the points II, I, L, M, etc., are points on 
the curve. Thus the intereection of the circle whose center is U' 
with the arc drawn through the point H is a point upon the curve. 
Also the arc whose center is S' with the ai-c drawn through the 
point I is another point on the curve. The remaining points are 
found by rei)eating this procesa. 

PUOIil.KM 27. To draw an Mypocycloid when the diam- 
eter of the generating circle and the radius of the director circle 
are given. 

With O as a center and a radius of 4 inches describe the are 
E K, which h the arc of the director circle. Now with the same 
center and a radius of 3^ inches, describe the arc A B, which is the 
line of centera of the geiiemting circle as it rolls on the director 
circle. With O' as a cent*?r and a radius of | inch descrilie the 
generating circle. As ijefore, divide the geuei-ating cirele into 
any numbei' of equal parts (12 for instance) and ivith these points 
of division L, M, N, O, etc., di-aw arcs having O as a center. 
Upon the arc E I'', lay off distances Q R, R S, S T, etc., equal to 
the ehoi-d Q L. Draw i-adii from the points R, S, T, etc., to the 
center of the director circle O and describe arcs of circles having a 
radius equal to the radius of the generating circle, using the 
points G, I, J, etc., as centers. As in Problem 26, tlie inter- 
sections of the arcs are the poiut« on the cnrre. By repeating 
this process, the right-hand portion of the curve may he drawn. 

PROBLEM -2S. To draw the Involute of a circle when the 
diameter of the base circle is known. 

With point O as a center and a radius of 1 inch, describe tlie 
base circle. Now divide the circle into any number of equal parts 
16 for instance) and connect the jKiints of divisian with the cert 
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ter of the circle by drawing the radii O C, O D, O E, O F, etc., 
to O B. At the point D, draw a light pencil line perpendicular 
to the radius O D. This line will be tangent to tlie circle. 
Similarly at the points E, F, G, H, etc., draw tangents to the 
circle. Now set the dividers so that the distance between the 
points will be equal to the chord of the arc C D, and measure this 
distance from D alo'ag the tangent. Beginning with the point E, 
measure on the tangent a distance equal to two of these chords, 
from the point F m^^asure on the tangent three divisions, and from 
the point G measure a distance equal to four divisions on the 
tangent G P. Simibirly, measure distances on the remaining 
tangents, each time adding the length of the chord. This will 
give the points Q, R, S and T. Now sketch a light pencil line 
through the points L, M, N, P, etc., to T. This curve will be the 
involute of the circle. 

Inking. The same rules are to be observed in inking PLATE 
VIII as were followed in the previous plates, that is, the curves 
should be inked in a full line, using the French or irregular curve. 
All arcs and lines used in locating the points on one-half of the 
cur\'e should be inked in dotted lines. The arcs and lines used in 
locating the points of the other half of the curve may be left in 
pencil in Problems 25 and 26. In Problem 28, all construction 
lines should be inked. After completing the problems the same 
lettering should be done on this plate as on previous plates. 
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PART III. 



PROJECTIONS. 



ORTHOGRAPHIC PROJECTION. 

Orthographic Projection is the art of representing objects of 
three dimensions by views on two planes at right angles to each 
other, in such a way that the forms and positions may be completely 
determined. The two planes are called planes of projection or 
co-ordinate planes, one being vertical and the other horizontal, as 
shown in Fig. 1. These planes are sometimes designated V and H 
resixjctively. The intersection of V and H is known as the ground 
line G L. 

The view or projection of the figure on the plane gives the 
same appearance to the eye placed in a certain position that the 
object itself does. This position 
of the eye is at an infinite dist- 
ance from the plane so that the 
rays from it to points of a limited 
object are all perpendicular to the* 
plane. Evidently then the view of 
a point of the object is on the plane 
and in the ray through the point Pig. i. 

and the eye or where this perpendicular to the plane pierces it. 

Let a, Fig. 1, be a point in space, draw a perpendicular from a 
to F. Where this line strikes the vertical plane, the projection of a 
is found, namely at a^. Then drop a perpendicular from a to the 
horizontal plane striking it at a**, which is the horizontal projection 
of the point. Drop a perjx^ndicular from a^ to H; this will 
intersect Gr L at o and be parallel and equal to the lint? a a^. In 
the same way draw a perpendicular from a}^ to V, this also will 
intersect G L at ^ and will be parallel and equal to a a^. In other 
words, the perpendicular to G L from the projection of a point on 
either plane equals the distance of the point from the other plains 
B in Fig. 1, shows a line in space. B^ is its V projection, and B** 

Co^r^ktt 190H^ by American School of Corrtspondence. 
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its H projection, theae bt^iiig determined by ttnding riews of points 
iit ita ends »nd conn«ctiDg the points. 

tnateml of horizoQtal projection and verti<vil projection, the 
ti-rnis plan and elevation are otMumonlv used. 

Suppose a cube, one inch on a side, to be plaw^l as in Fig. 2, 
with the top face horizontal and the froiit face parallel tolbe 
vertical plane. Then the pbtn will be a one-inch stinarv, aad the 
elevation also a one-inch stiuare. In general the plua is a repre- 
sentation of the top of the object, and the elevation a viev of the 
Eruut. Tht> plan thtm is a top view, and the elevation a front view. 





Fig. 2. riir. :i. 

ThwB far the two planes have been represeuted at right angles 
to each other, aa they are in space. In order that they may be 
shown more simply and on the one plane of the paper, H is 
revolved about G L as an axis until it lies in the same plane as V 
as shown in Fig. 2. The lines 1" O and 2'' N, being perpendicular 
to G L, are in the same straight line as 5"" O and 6' N, which also 
are perpcndicnlar to G L. That is — (wo vieics of a point are 
nlways in a line perpendicular to G L. From this it is evident 
that the plan must be vertically below the elevation, point for point. 
Now looking directly at the two planes in the revolved position, we 
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get a true orthograi)hic projection of the cube as shown in Fig. 3. 

All points on an object at the same height must appear in 

elevation at the same distance above the ground line. If numbers 

1, 2, 3, and 4 on the plan, Fig. 3, indicate the top corners of the 

cube, then these four points, being at the same height, must be 

4v gv 

shown in elevation at the same height and at the top, - - and ^^^- 

The toi) of the cube, 1, 2, 3, 4, is shown in elevation as the straight line 

4v 3v 

-^^r; ov . This illustrates the fact that if a surface is perpendicular 

to either plane or projection^ its projection on that plane is simply 
a line; a straight line if the surface isplane^ a curved line if the 
surface is curved. From the same figure it is seen that the top 

edge of the cube, 1 4, has for its projection on the vertical plane 

4v 
the point -^-, the principle of which is stated in this way: If a 
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Fig. i. 



stratgnt itne ts perpendicular to either Vor H^ its projection on 
that plane is a pointy and on the other plane is a line equal in 
length to the line itself and perpendicu^lar to the ground line. 

Fig. 4 is given as an exercise to help to show clearly the idea 
of plan and elevation. 

A = a point B' above H, and A* in front of V. 

B = square prism resting on H, two of its faces parallel to Vt 

C = circular disc in space parallel to V. 

D = triangular card in space parallel to V. 

E = cone resting on its base on H. 

F = cylinder perpendicular to V, and with one end resting against V. 

G = line perpendicular to H. 

H = triangular pyramid above H, with its base resting against V. 
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Supi)ose in Fig. 5, that it is desired to constmct the pro- 
jections of a prism 1^ in. square, and 2 in. long, standing on one 
end on the liorizontiil plane, two of its faces being parallel to the 
vertical plane. In the first place, as the top end of the prism is a 
square, the top view or plan will be a square of the same size, 
tliat is, 1^ in. Then since the piism is placed parallel to and in 
front of the vertical plane the plan, 1 J in. square, will have two 
edges parallel to the ground line. As the front face of the prisn- 



ELEVAT rON 

OR 

FRONT VIEW 



T 
I 



CM 



i 



ELEVATION 



^2 



PLAN 

OR 

TOP VIEW 



PLAN 



Fl^. 5. 



is parallel to the vertical piano its projection on V mtUI be a rectr 
angle, equal in length and width to the length and width respec- 
tively of the prism, and as the prism stands >vith its base on II, 
the elevation, showing height above H, must have its liase on the 
ground line. Observe carefully that pointa in elevation are verti- 
cally over coiTesponding points in plan. 

The second drawing in Fig. «5 represents a prism of the same 
size lying on one side on tlie horizontal plane, and with the eo^ 
parallel to V. 

The principles which have been used thus far may bo stuied 
as follows, — 
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1. If a line or point is on either plane, its other projection 
must be in the ground line. 

2. Height al)ovo II is shown in elevation as heiglit alwve 
the ground line, and distance in front of the vertical plane is shown 
in plan ius distance from tlie ground line. 

3. If a line is pamllel to either plane, its actual length is 
shown on that plane, and its otlier projection is pamllel to the 
ground line. A line oblique to eitlier plane lias its projection on 
that plane sliorter tliaa the line itself, and its other projection 
oblique to the ground line. JNo projection can be longer than the 
line itself. 

1. A plane surface if |)arallel to either plane, is show n on 
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Fig- 6. 
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that plane in its true size and shape; if oblique it is shown 
smaller than the true size, and if per{)endicular it is shown as a 
straight line. Lines pamlhd in space must have their V projeo 
tions parallel to each other and also their II projections. 

If two lines intersect, their projections must cross, sinoe the 
point of intersection of the lines is a point on both lines, and 
therefore the projections of this point must l)e on the projections 
of both lines, or at tlieir intei'section. In order that intersecting 
lines may be represented, the vertical projections must intersect 
in a point vertically above the intersection of the horizontal pr^ 
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jections. Thus Fig. 6 represents two lines whicli do intersect as 
O crosses I>at a point vertically alx)ve the intci-sectiou of C^ and 
l)'^. In Fig. 7, however, the linos do not intersect since the intecr 
sections of their projections do not lie in the same vertical line. 

In Fig. 8 is given the plan and elevation of a square pyramid 
standing on the horizontal plane. The height of the pyramid is 
the distance A B. The slanting edges-of the jiyramid, A C, A D, 
etc., must be all of the same length, since A is directly above the 

center of the base. Wliat this length 
Is, however, does not appear in either 
projection, as these edges are not 
jmrallel to either V or H. 

Sup£)ose that the pyramid be 
turned around into the dotted posi- 
tion C, D, E, F, where the horizontal 
jirojections of two of the slanting 
edges, A 0, and A E, ai'e parallel to 
tlie ground line. These two edges, 
having tlieir* horizontal projections 
parallel to the ground line, are now 
parallel to V, and therefore their new 
vertical projections will show their 
ti-ue lengths. The base of the pyrar 
mid is still on H, and therefore is 
projected on V in the ground line. 
The apex is in the same place as be- 
fore, hence the vertical projection of 
the pynimid in its new position is shown by the dotted lines. The 
vertical projection A C," is the true length of edge A C. Now if 
v/e wish to find simply tlie true length of A C, it is unnecessary to 
turn tlie whole pyramid around, as tlie one line AC will be soflBcient. 
The principle of finding the true length of lines is this, anu 
CJin be applied to any case : Swing one projection of the line par- 
allel to the ground line, using one end as center. On the other 
projection the moving end remains at the same distance from the 
ground line, and of course vertically above or below the same end 
in its pamllel position. This new projection of the line shows its 
true length. See the three Figures at the top of page 9. 
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Third plane of projection or profile plane. A plane {>erpen> 
dioolar to both coordinate planes, and hence to the ground liiierU 
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called a projUt plaiie. This plane is vertical in position, and ma; 
be used as a plane of projection. A projection on the profile plan^ 
is called a profile view, or end vUui, or sometimes edge view, and 
is often required in macliine or other drawing when the plan and 
elevation do not eufficientljr give the shape and dimensions. 

A projection on this plane is found in the same way as on the 
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V plane, that is, by perpeniliculare drawn from points on the 
object. 

Since, however, the profile plane is perpendicular to the 
groimd line, it will bo seen from the front and top simply as a 
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Btraight line ; in order tliat the size and shape of the profile view 
may be shown, the profile plane is revolved into V using its inter 
section with the vertical plane as the axis. 

Given in Fig. 9, the line A B by its two projections A* B' and 
A'^ B\ and given also the profile plane. Now by projecting the 
line on the profile by perpendiculars, the points A,* B,'and.B,* A,* 
are found. Revolving the profile plane like a door on its hinges, al) 
points in the plane will move in horizontal circles, so the horizontal 
projections A,'^ and B,'* will move in arcs of circles with O as center 
to the ground line, and the vertical projections B * and A • will move 
in lines parallel to the ground line to positions directly above the 
revolved points in the ground line, giving the profile view of the 
line AP B**. Heights, it will l)e seen, are the same in profile view 

as in elevation. By referring to 
the rectiingular prism in the Siime 
figure, we see that the elevation 
gives vertical dimensions and those 
parallel to V, while the end view 
shows vertical dimensions and 
those perpendicular to V. The 
profile view of any object may be 
found as shown for the line A B 
by taking one point at a time. 

In Fig. 10 there is repre- 
sented a rectangular prism or 
block, whose length is twice the 
width. The elevation shows its 
height. As the prism is placed at 
an angle, three of the vertical edges will be visible, the fourth 
one l)elng invisible. 

In mecliauical dniwing lines or edges which are invisible are 
dmwn dotted. The ed<yes whicli in projection form a part of the 
outline or contour of the figure must always be visible, hence 
always/wZZ lines. The plan shows what lines are visible in eleva^ 
tion, and the elevation determines what are visible in plan. In 
Fig. 1 0, the plan shows that the dotted edge A B is the back edge, 
and in Fig. 11, tlie dotted edge C I) is found, by looking at the 
elevation, u> be the lower edge of the triangular prism. In general. 
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if 111 elevation an edge projected within the figui*e is a back edge, 
it must be dotted, and in plan if an edge projected within the 
outline is a lower edge it is dotted. 

Fig. 12 is a circular cylinder with the length vertical and 
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Fig. 11. 

witli a hole part way through as shown in elevation. Fig. 18 is 
plan, elevation and end view of a triangular prism with a square 
hole from end to end. The plan and elevation alone would be 
insufficient to determine positively the shape of the hole, but the 
end view shows at a glance that it is square. 

In Fig. 14 is shown plan and elevation of the frustum of a 
square pyramid, placed with its base on the horizontal plane. If the 
frustum is turned through 30°, as shown in the plan of Fig. 15, 
the top view or plan must still be the same shape and size, and as 
the frustum has not been raised or lowered, the heights of all 
points must api)ear the same in elevation as before in Fig. 14. 
The elevation is easily found by projecting jxnnts up from the 
plan, and projecting the height of the top horizontally across from 
the first elevation, because the height does not change. 

The same principle is further ilhistrnted in Figs. 16 aiul 17. 
The elevation of Fig. 16 shows a square prism resting on one edge, 
and raised up at an angle of 30^ on the right-hand side. The 
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plan gives the width or thickness, | in. Notice that the length ol 
the plan is greater than 2 in. and that vaiying the angle at 
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Fig. 18. 



wliich the prif>ni is slanted would change tiie length of the plan. 
Now if the prism be turned around through any angle with the 
vertical plane, the lower edge still being on H, and the inclination 





Fig. 14. 



Fig. 16. 



of 80^ with H remaining tlie same, the plan must remain the same 
size and shape. 

If the angle through which the prism be turned is 45% we 
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have the second plan, exactly the same shape and size as the first 
The elevation is found by projecting the cornei-s of the prism ver 




Fig. 16. 

tically np to the heights of the same points in the first elevation. 
All the other points are found in the same way as point No. 1. 

Ai 
A B 




Pig. 17. 

Three positions of a rectangular prism are shown in Fig. 17. 
In tlie first view, the prism stands on itA base, its axis therefore 
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is parallel to the vertical plane. In the second position, the axis is 
still piirallel to V and one corner of the base is on the horizontal 
plane. The prism has been turned as if on the line 1^ l** as an 
axis, so that the inclination of all the faces of the prism to the 
veitical plane remains the same as before. That is, if in the fii-st 
fi^re the side A B C D makes an angle of 80® with the vertical, 
tlie same side in the second position still makes 80® with the ver 




FiR. 18. 

tical plane. Hence the elevation of No. 2 is the same shape and size 
as in the fu'st case. The plan is found by projecting the cornen 
down from the elevation to meet horizontal lines projected across 
from the corresponding points in the first plan. The third posi- 
tion sliows the prism with all its faces and edges making the same 
angles with the horizontal as in the second position, but with the 
plan at a different angle with the ground line. The plan then is 
the same shape and size as in No. 2, and the elevation is found by 
projecting up to the same heights as shown in the preceeding 
elevation. Tliis principle may be applied to any solid, whether 
bounded by plane surfaces or curved. 

This principle as far as it relates to heights, is the same that 
was used for profile views. An end view is sometimes necessary 
before the plan or elevation of an object can be drawn. Suppose 
that in Fig. 18 we wish to draw the plan and elevation of a tri- 
angular prism B'^ long, the end of which is an equilateral triangle 
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Fig. 10. 



IX" oil each side. The piism is lying on one of its tliree faces on 
H, and inclined toward the vertical plane at an angle of 30°. We 

are able to draw the plan at 
once, because the width will be 
1 J inches, and the top edge will 
be projected lialf way between 
the other two. The length of 
the prism will also be shown. 
Before we can draw the elevation, 
we must find the height of the 
top edge. This height, however, 
must be equal to the altitude of 
the triangle forming the end of 
the prism. All that is necessary, 
tlien, is to construct an equilat- 
eral triangle ly on eacli side, and measure its altitude. 

A very convenient way to do this is shown in the figure by 
laying one end of the prism down on H. A similar construction 
is shown in Fig. 19, but with one face of the prism on V instead 
of on H. 

In all the work thus far the plan has been drawn below and 
the elevation above. This order is sometimes inverted and the 
plan put above the elevation, but t)ie plan still remains a top view 
no matter where placed, so that after some practice it makes but 
little difference to the draughtsman which method is employed. 

SHADE LINES. 

It is oft€n the case in machine drawing that certiiin lines or 
edges are made heavier than* others. These heavy lines are called 
shade lines, and are used to improve the appeai-ance of the draw- 
ing, and also to make clearer in some Ciises the shape of the 
object. The shade lines are not put on at random, but according 
to some system. Several systems are in use, but only that one 
which seems most consistent will be descril)ed. The sliadc lines 
are lines or edges sepamting light faces from dark ones, assuming 
the light always to come in a direction paraUcl to the dotted 
diagonal of the cuIhj shown in Fig. 20. Tht^ direction of the 
light, then, may be n»presented on H by a line at 45° running 
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backward to the riglit and on V by a 45® line sloping downward 
and to the riglit. Considering the cube in Fig. 20, if the light 
comes in the direction indicated, it is evident that the front, left- 
hand side and top will be light, and the bottom, back and right- 
hand side dark. On the plan, then, the shade lines will be the 
back edge 1 2 and the right-hand edge 2 8, because these edges 
are between light faces and dark ones. On the elevation^ since 
the front is light, and the right-hand side and bottom dark, the edges 
3 7 and 8 7 are shaded. As the direction of the light is represented 
on the plan by 45® lines and on the elevation also by 45® lines. 





Fig. 20. 

we may use tlie 45® triangle with the T-square to determine 
the light and dark surfaces, and hence the shade lines. If 
the object stands on the horizontal plane, the 45® triangle is used 
on tlie plan, as shown in Fig. 21, but if the length is perpen- 
dicrular to the vertical plane, the 45® triangle is used on the eleva- 
tion, as shown in Fig. 22. This is another way of saying that the 
45® triangle is used on that projection of the object which shows 
the end. By applying the triangle in this way we determine the 
light and dark surfaces, and then put the shade lines between 
them. Dotted lines, however, are never shaded, so if a line 
which is between a light and a dark surface is invisible it is not 



aoa 



MECHANICAL DRAWING. 



83 



shaded. In Fig. 21 the plan shows the end of the solid, lience the 
45° triangle is used in the direction indicated by the arrows: 

This shows that the light strikes the left-hand face, buii not 
the back or the right-hand. The top is kno^vn to be light with- 
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Fig. 91. 



Fig. 22. 



out the triangle, as the light comes downward, so the shade edges 
on the plan are the back and right-hand. On the elevation two 
faces of the prism are visible ; one is light, the other dark, hence 
the edge between is shaded. The left-hand edge, Ixjing between 
a light face and a dark one U a shade line. The right-hand face 
is dark, the top of the prism is light, hence the upj>er edge of this 
face 18 a shade line. The right-hand edge is not shaded, l>ecause 
by referring to the plan, it is seen to be between two dark 
surfaces. In shading a cylinder or a cone the same rule is fol 
lowed, the only difference being that as the surface is curved, the 
light is tiuigeut, so an element instead of an edge marks the 
separation of the dark from the light, and is 7iot sliaded. The 
elements of a cylinder or cone should ?iever be shaded, but the 
Ixises may. In Fig. 23, Nos. 3 and 4, the student should carefully 
notice tlie difference between the shading of the cone and cylinder. 
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rertod, the opposite half of the base i 



If ii) No. 4 the cone v 

wouhl he flhatled, for 

now dark. In Nos, 7 and 8 the shade liues of a cyJinder ; 

circular hole are contrasted. 

In No, 7 it Is clear that the light would strike inside on the 
further side nf the hole, uommeucitig half way where the 45" lines 
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Fig. 23. 
are t;in[;eiit. The other half (if the inner surface would bo dark, 
hence tlie jiosition of the shade line. The shade line then enables 
us to tell nt a glance whether a circle represents a hub or boss, or 
depre.ssion or hole. Fig. 24 repre.sents plan, elevation and profile 
view of a square pri.sm. Here us before, the view sliowing the 
end is tlie one used to determine the light and dark surfaces, and 
then the shade lines pnt in accordin^lv. 
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In piittiniT on the shade lines, the extra width of line is put 
instfle the figure, not outside. In shading circles, the shade line 
is made of varying width, as shown in the figures. The method 
of obtaining- this effect by the compass is to keep the same i-jidius, 
but to change tlie center slightly in a direction parallel to the mya 
of light, as shown at A and B in No. 2 of Fig. 24. 

No. 2. 






1 





Fig. 34. 

INTERSECTION AND DEVELOPHENT. 

If one surface meets another at some angle, an intersection is 
produced. Either surface may be plane, or curved. If lx)th are 
plane, the intersection is a straight line ; if one is cun^ed, tlie 
intersection is a curve,' except in a few special oases ; and if both 
are curved, the interaection is usually curved. 

In the latter case, the entire curve does not always lie in the 
same planers. If all points of any curve lie in the same plane, it 
is called a plane curve. • A plane intersecting a curved surface 
must always give either a plane curve or a straight line. 

In Fig. 25 a square pyramid is cut by a plane A jmrallel to the 
horizontal. This plane cuts from the pyramid a four-sided figure, 
the four corners of which will be the points where A cuts the four 
slanting edges of the solid. The j)lane intersects edge ohut j)oint 4^' 
in elevation. This j)oint must be found in plan vertically below on 
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the horizontal projection of line o 6, that is, at point 4*. Edge 
9 e is directly in front of o 6, so is shown' in elevation as the same 
line, and plane A intersects o e ?it point 1" in elevation, found in 
phm at 1'*. Points 3 and 2 are obtained in the same way. The 
intei-section is shown in plan as the 8([uare 12 3 4, wliich is also 
it« true size as it is parallel to tiie horizontal plane. In a 

similar way the sections are found 
in Figs. 26 and 27. It will be 
seen that in these three cases 
where the planes ai-e parallel to 
the bilges, the sections are of the 
same shape as the bases, and liave 
their sides parallel to the edges of 
the bases. 

It is an invariable rule that 
when such a solid is cut by a ])Iane 
parallel to its bsise, the section is 
a figure of the same shape as the 
base. If then in Fig. 28 a right 
cone is intersectetl by a plane 
parallel to the base the section 
must be a circle, the center of 
which in plan coincides with the apex. The radius must 
e([ual d. 

In Figs. ii9 and 80 the cutting plane is not parallel to the base, 
hence the intersection will not be of the same shape as the l)ase. 
The sections are found, however, in exactly the same manner as 
in the previous figures, by projecting the points where the plane 
intersects tlic edges in elevation on to the other view of the same 
line. 

INTERSECTION OF PLANES WITH CONES OR CYLINDERS. 

Sections cut by a plane from a cone have already been de- 
fined us conic sectiotiH, These sections may be either of the fol- 
lowing: two straight lines, circle, ellipse, parabola, hyperbola. 
All except tlu; parabola and hyperbola may also be cut from a 
cylinder. 

Methods have previously been g^iven tor constructing the 
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f]li[*if, jkii-hIhiIa ,in'l liypt^iliola without piojectioiis; it will nnw 
Inr uliiiwu that they iitiiy lie obtained as ai.-tual intersections. 

Ill Fii,'. 31 the plane cuts the cone obliquely. Tu find 
{Miiiiis oil the I'litvi- in plan take a series of horizonlal [ihtnea 




X // 2 i:lc'., iii'lrtvtTt ]ioinls f'" and '/''. One o£ these planes, as w. 
should If takt-n llii-()uj,'h the center of c d. The points e and a 
ninst I).' ]>oirils on ilie curve, since the plane onts the two contoui 
elements iit ihcw points. Tlic horizontal i»rojcctioii8 of the coiitont 
elements will U'funiid In a linriz-ontal Une^KiKuiiigtbiongli the center 
of lliit liaH<' ; lioiK-u tlic lioii/.oiital pnijection of e and d will l>e 
foninl on this center line, and mil I)e the extreme ends of the 
curve. Contour elcnieiitii aru tliosu fonniiiir tiie ou'line. 
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The plane x cuts the surface of the cone in a circle, as it is 
parallel to the kise, and the diameter of the circle is the distance 
l)etween the points where x crosses the two contour ehimcnts. 
This circle, lettered x on the plan, has its center jit the horizontal 
projection of the apex. The circle x and the curve cut by the plane 
are lx)th on the surface of the cone, and their vertical projec- 
tions intei"sect at the point 2. Also the circle x and the curve 
must cross twice, once on the front of the cone and once on the 
biick. Point 2 tlien lepresents two points which are shown in 
plan directly beneath on the circle t, and are points on the re- 
quired intersection. Planes y and 2, and as many more as may 
be necessary to determine the curve accunitely, are used in the 
same way. The curve found is an ellipse. The student will 
readily see that the true size of this ellipse is not shown in the 
plan, for the plane containing the curve is not parallel to the 
horizontal. 

In order to find the actual size of the ellipse, it is necessi\ry 
to place its plane in a position parallel either to tlie vertical or to 
the horizontal. The actual length of the long diameter of the 
ellipse must l>e shown in elevation, <?» d^, because the line is 
parallel to the vertical plane. The plane of the ellipse then may 
be revolved aliout <?» d^ as an axis until it becomes parallel to V, 
•when its true size will be shown. For the sake of clearness of 
construction, c^ d^ is imagined moved over to the position (/ d\ 
parallel to d^ d"^. The lines 1 — 1, 2 — 2, 3 — 3 on the plan show the 
true width of the ellipse, as those lines are parallel to H, but are 
projected closer together than their actual distances. In elevation 
these lines are shown as tlie points 1, 2, 3. at tluMr true <listiince 
apart. Hence if the ellipse is revolved arounu its axis c'o d'"^ the 
distances 1 — 1, 2 — 2, 3 — 3 will a[)pear perpendicular to c^ J", and 
the true size of the figure be shown. This construction is made on 
the left, where 1' — 1',2' — 2' and 3' — :i' are equal in liMigth to 1 — 1, 
2 — 2, 3 — 3 on the plan. 

In Fig. 32 a plane cuts a cylinder obliquely. This is a 
simpler case, as the horizontal projection of the curve coincides 
with the base of the cylinder. To obtain the true size of the 
section, which is an ellipse, any numl)er of points are assumed on 
the plan and projected up on the cutting plane, at 1, 2, 3, etc. 
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The lines drnwii through these points i>er[>eiidicular to 1 7 are 
made equal in hmgth to the coiTesj)oiKliug disUmces 2' — 2^, 3' — 3' 
etc., on the plan, because 2' — 2' is the true width of curve at 2. 
If a cone is intei-sect-ed by a plane which is parallel to only 

one of the elements, as in 
Fig. 33, the lesulting curve 
is the paralx)Ia, the construc- 
tion of wiiich is exactly simi- 
lar to that for the ellipse as 
given in Fig. 31. If the 
intersecting plane is pamllel 
to more than one element, or 
is pai*allel to the axis of the 
cone, a hyperbola is produced. 
In Fig. 34, the vertical 
plane A is pai-allel to the axis 
of the cone. In this instance 
the curve when found will 
appear in its true size, as 
plane A is parallel to the 
vertical. Observe that the 
highest i>oint of the curve is 
found by drawing the circle 
X on the plan tangent to the 
given plane. One of the 
points whei-e this circle crosses 
the diameter is projected up 
to the contour element of the 
cone, and the horizontal plane X drawn. Intermediate pknes 
V, Z, etc., are chosen, an<l corresponding circles drawn in plan. 
Tlie points where these circles are crossed by the ])lane A are 
points on the curve, and these points are projected up to the 
(»lcvatioii on the 2)lanes Y, Z, etc. 

DEVELOPHENTS. 

The develo]>ment of a surface is the true size and shape ot 
the surface extended or spread out on a 2)lanc. If the surface to 
be developed is of such a chai'acter tliat it may be flattened out 
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without tearing or folding, we olttain an exact development, ns in 
case o£ a cone or cylinder, pi-ism or pyi-anild. If this ciiniiot be 
done, as with the splieie, the development is only approximate. 

In order to find the development of the rectangular prism in 
Pig 35, tlie back face, 1 2 7 G, is supposed to be placed in contact 




Fig. S3. 



with some plane, then the prism turned on the edge 2 7 until the 
side 2 3 8 7 is in contact with the same plane, then this continued 
until all four faces have been placed on the same plane. The 
rectangles 14 3 2 and 6 7 8 5 are for the top and bottom respec- 
tively. Tlie development then is the exact size and shape of a 
covering for tlie prism. If a i-ectangiilar hole is cut through tlie 
prism, the openings in the front and back faces will be shown in 
the development in the centers of the two In-oad faces. 

The development of a right piism. tlien, consists of as many 
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rectangles joined together as the prism lia3 Hides, these rectangles 
being the exact size of the faces of the prism, and in addition two 
polygons the exact size of the bases. It will be found helpful in 
developing a solid to number or letter all of the corners on the 
projections, then 
designate each face 
when developed in 
the same way as in 
the figure. 

If a cone be 
placed on its side on 
a plane surface, one 
element will rest ou 
the surface. If now 
the cone be rolled on 
the plane, the vertex 
remaining stationary, 
until the same ele- 
ment is in contact 
again, the space rolled 
over will represent 
the development of 
the convex surface 
of the cone. A, Fig. 
S(i, is a cone cut by a 
plane parallel to the 
base. In B, let the 
vertex of the cone be 




Fig. 34. 



placed at V, and one olemt'iit of the cone coincide with VAX. 
Tlie length of this element i.H taken from the elevation A, of 
cither contour element. All of the elements of the cone are of 
the same length, so when the cone is rolled each point of the base 
as it touches the plane will be at the same distance from the 
vertex. From this it follows that the development of the base 
will I>e the arc of a (Airele of radius equal to the length of an 
element. To find the length of this arc which is equal to the 
distance around the base, divide the plan of the circumference 
of the iNtsfl into any numl)er of equal parts, a> twelve, then 



MECHANICAL DRAWING. 



03 



with the length of one of these parts as i-adius, lay ofif twelve 
spaces, 1....13, join 1 and 13 with V, and the sector is the development 
of the cone from vertex to base. To lepresent on the development 



6 



6 



2 



8 



6 





5 8 



3 



8 



6 



8 



Fig. 86. 



the circle cut by the section plane, take as radius the length of 
the element from the vertex to D, and with V 08 center describe 




B 




Fig. 36. 

an arc. The development of the frustum of the cone will be the 
portion of the circular ring. This of course does not inchide the 
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development of the Ijaaes. which would he simply two circles the 
name sizes as »ho^ii in |>lan. 

A and B, Fig. 37, rtfpresent the plan and elevation of a 
regular triaiiguLir pyi-amid and its development- If face C is 
placed on the plane its true size will be shown at C in the devel- 
opment. The true length of the bsise of triangle C is shown in 
the plan. The slanting edges, however, not being parallel to the 
vertical, are not shown in elevation in their true leng^th. It be- 
comes necessjirj' then, to find the true length of one of these edges 
as shown in Fig. 6, after which the triangle may be drawn in its 
full size at C in the develo[>raent. As the pyramid is regular, 
three equal triangles as shown developed at C, D and E, together 
with the liase F, constitute the development. 

If a light circular cylinder is to be developed, or rolled upon 
a plane, the elements, being parallel, will appear as parallel lines, 

A 

B 





Fig. 87. 

and tlie bise, being perj)endicular to the elements, will develop as 
H Klrait^'ht line perpendicular to tlie elements. The width of the 
(levelopnient will l)e the distance around the cylinder, or the cir- 
(juniference of the base. The base of the cylinder in Fig. 38, is 
divided into twelve equal parts, 12 3, etc. Commencing at point 
1 on the development these twelve equal spaces are laid along 
tlie Ktnuglit line, giving the development of the base of the cylin- 
d(;r, and tliti total width. To find the development of the curve 
ent by the oblitiue plane, draw in elevation the elements coire- 
•^)onding to the various divisions of the base, and note the points 
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where they intei-sect the oblique plane. As we roll the cylinder 
beginning at point 1, the successive elements 1, 12, 11, etc., will 
appeitr at equal distances apart, and equal in length to the lengths 
of the satne elementa in elevation. Thus ;|>oint number 10 on the 
development of tlie curve is found by projecting horizontally across 
from 10 in elevation. It will he Been that the curve is syminetri- 
cal, the half on the left of T being similar to thiit on the right. 
The development of any curve whatever on tlie surface of the 
cylinder may be found in the same manner. 

The principle of cylinder development is used in laying out 
elbow joints, pipe ends cut off obliquely, etc. In Fig. 39 i-i shown 
plan and elevation of a three-piece elbow and collar, and develop- 




Fig. 88. 



ments of the four pieces. In orde; to construct the various parts 
making up the joint, it la necessary to know \that i!ha[>u and size 
must be marked out on the flat sheet metal so that when cut out 
and rolled up the tlii-ee pieces will form cylinders with the ends 
fitting tc^ether as required. Knowing tlie kind of elbow desired, 
we first dniw the plan and elevation, antl from the-^e mako the 
developments. Let the lengths of the three pieces A, B and C 
be the same on the upper outside contour of the elbow, the piece 
B at an angle of 45°; the joint between A and B bisects the 
angle hetween the two lengths, and in the same way the -joint 
between B and C. The lengths A and C will then be the same, 
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and one {>attern \rill answer for both. The development of A 
it made exactly as just explained for Fig. 38, and this i:i also the 
devflopment of C. 

It sliould be bonie in mind that in developing a cylinder we 
must iilwavs b;ive a base at right angles to the elements nnd if 
the cylinder »s given does not have such a base, it becomes neces- 
sary to cut the cyliiuU-r by a plane [)eri>endicular to tlie elements, 
and u-se tlie intersection as a base. This point must be clearly 
understood in onler to proceed intelligently. A section at right 
angles to tlie elements is the only section which will imroU in a 




Fig. *'. 

straight line, and is tlicrefoie Uie section from which we must 
work in developing other sections. As li has neither end at right 
angles to iti) length, the plane X is dmwn at the nnddle and per- 
jieiidicnlar to the length. B is the same diameter pipe as C and 
A, 80 the Bcetion cut by X will Xm a. cii-cle of the same diameter 
as the base of A. and its development is shown at X. 

Frotn the points where the elements drawn on the elevation 
of A meet the joint belwoen A and B, eiunieuts are drawn on B, . 
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which are equally spaced around B the same a^ on A. The spaces 
then laid otf along X are the same -.la given on the plan of A. 
Commencing with the left-hand element in II, the length of the 
upper element between X and the top corner of the elbow is laid 
off above X, giving the firat point in the development of the end 
of B fitting with C. The lengths of the other elements in the 
elevation of B are measured in the same way niid laid oil' fi-om X, 
The development of the 
otlier end of the piece 
B is laid off below X, 
using the same distances, 
since X ia half way be- 
tween the ends. Tlie 
development of the 
collar is simply the de. 
velopment of the frus- 
tum of a cone, which bas 
already been explained, 
Fig. 86. The joint be- 
tween B and C is shown 
in plan as an ellipse, the 
construction of which 
the student should be 
able to understand from 
a study of t)ie figure. 

The intersection of 
A rectangular prism and 
pymmid is shown in Fig, 4(J. The base h cd e ol tlie pyramid is 
shown (lotted in plan, as it is hidden by the prism. AH four edges 
of the pyramid pass through the top of tlie prism, 1, 2, 8, 4. As 
the top of the prism is a horizontal plane, the edges of tlie pymmid 
are shown passing through the top in elevation at x'ff" i" i". These 
four points might be projected to 'lie |>lan on tlie four edges of the 
pymmid ; but it is unnecessary to project more than one, since the 
general piinciple applies here tliiit if a cone, pyramid, prism or 
tyKnder be cut by a plane parallel to the ba.se, the section is a 
figure parallel and similar to the base. The one \mnt x" is there- 
fore projected down to a £ in plan, giving x'-, and with this a^ 
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one corner, the square x^g'' i'> Jc^ is drawn, its sides jjarallel to tli6 
edges of llie baNn. Tliia square is the intereeclioii of the pynimid 
with the top of the jiriam. 

The intersection of the pyi-amid with the bottom of the prism 
13 found in like manner, by taking the point where one edge of 
the pyramid as a b piisscs through tlie bottom of the prism shown 
in, elevation aa jioint m", projecting down to w'* on n^ f', and 
drawing the square )»'* «'■ (**/>'' p.^rallel tothe base of the pyramid. 
These two squaruH miiBtitute the entire interseotion of the two 
Kohds, the iiyniniid going through the bottom and coming out at 
the top of the prism. As much of tlie slanting edgt^s of tbe 
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jiyraniid as nm aliove the prisui will bo Keen in plan, ap])eari>ig aa 
the diagonals of the small squai-e, and the rest of the pyramid, 
being below the top surface of the i»rism, will be (lotted in plan. 
Fig. 41 is the development of the rectsingular prism, nhow- 
ing the ojwnings in the top and bottom surfaces through which 
the i)yi-ainid passed. Tlie development of the top and bottom, 
back and front faces will be four i-ectangles joined together, the 
same sizes su the respective faces. Commencing with the bottom 
fiice 5 6 7 8, next would come the back face C 1 2 7, then the toi», 
etc. The rectangles at the ends of tlie top face 1 2 S 4 are the 
enda of the prism. These might have l>een joined on any other 
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face as well. Now find the development of the square in the bottom 
5 6 7 8. As the size will be the same as in projection, it only re- 
mains to determine its position. This position, however, will 
have the same relation to the sides of the rectangle as in the plan. 
The center of the square in tliis case is in the center of the face. 
To transfer the diagonals of the square to the development, extend 
them in plan to intersect the edges of the prism in points 9, 10, 
11 and 12. Take the distance from 5 to 9 along the edge 5 6, 
and lay it on the development from 5 along 5 6, giving point 9. 
Point 10 located in the same Avay and connected with 9, gives the 
position of one diagonal. The other diagonal is obtained in a 
similar way, then the square constructed on these diagonals. The 
same method is used for locating the small square on the top face. 

If the intersection of a cylinder and prism is to be found, we 
may either obtain the points where elements of the cylinder pierce 
the prism, or where edges and lines pamllel to edges on the sur- 
face of the prism cut the cylinder. 

A series of parallel planes may also be taken cutting curves 
from the cylinder and stmight lines from the prism ; the intersec- 
tions give points on the intersection of the two solids. 

Fig. 42 represents a triangular prism intersecting ^ cylinder. 
The axis of the prism is parallel to V and inclined to H. Starting 
with the size and shape of the base, this is laid off at <i, b^ c^^ and 
the altitude of the triangle tjiken and laid off at a^ c^ in elevation, 
making right angles with the inclination of the axis to H. The 
plan of the prism is then constructed. To find the intersection of 
the two solids, lines are drawn on the surface of the j^rism parallel 
to the length and the points where these lines and the edges 
pierce the cylinder are obtained and joined, giving the curve. 

The top edge of the prism goes into- the top of the cylinder. 
This point will l)e shown in elevation, gi;jce the top of the cylinder 
is a plane pai-allel to H and perpendicular to V, and therefore 
projected on V as a straight line. The upper edge, then, is found 
to pass into the top of the cylinder at point o, o^ and o^. The 
intersection of the two upper faces of the prism with the top of 
the cylinder will be straight lines drawn from point o and will be 
shown in i)lan. If we can find where another line of the surface 
a h \A pierces the upper base of the cylinder, this point joined 
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Tvith will detei-mine the intereectioii of this face with the Wp of 
the eylindei". A surface may always be produced, if neeessiiry, 
tu find an iiit«!rsectioi). 

Edge b pierces ttie plane nf tlie top of tlip cylinder at point 




d, seen in elevation ; therefore the line joining this point with o i» 
the intersection u[ one upper face of the prism with the upper 
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base of the cylinder. The only part of this line needed, of course, 
is within the actual limits of the base, that is o 9. The intei-sec- 
tion 8 of the other top face is found by tne same method. On 
the convex surface of the cylinder there will be three curves, one 
for each face of the prism. Points b and 9 on the upper base of 
the cylinder, will be where the curves for the two upper faces will 
begin. The point d is found on the revolved position of the base 
at t?,, and d^ h is divided into the equal parts c?, — «,, e^ — /,, etc., 
which revolve back to rf'*, e^^f^ and //'*. The divisions are made 
equal merely for convenience in developing. The vertical pro- 
jections of rf, g, etc., are found on the vertical projection of a 6, 
directly above rf'*, e^y etc., or may be found by taking from the 
revolved position of the base, the perpendiculars from rf, g, etc., to 
e^ h^ and laying them off in elevation from h^ along b^ a^. Lines 
such as/ 12, m 5, etc., pamllel to a o are drawn in plan and eleva- 
tion. Points i^ k^ m^ n^ are taken directly behind d^ e^ f^ g^ 
hence their vertical projections coincide. Points w, 7/i, /r, and t, are 
formed by projecting across from n^ m^ k^ and i^, 

Tlie convex surface of the cylinder is perpendicular to H, so 
the points where the lines on the pnsm pierce it will be projected 
on plan as the points where these lines cross the circle, 14, 13,12, 

11 3. The vertical projections of these points are found on 

the corresponding lines in elevation, and the curves drawn through. 
The curve 3, 4... .8 must be dotted, as it is on the back of the 
cylinder. The under face of the prism, which ends with the line 
b (% is perpendicular to the vertical plane, so the cui-ve of intersec 
tion will be projected on V as a straight line. Point 14 is one 
end of this curve. 3 the other end, and tlie curve is projected in 
elevation as the straight line from 14 to the point where the lower 
edge of the prism crosses the contour element of the cylinder. 

Fig. 43 gives the development of the right-hand half of the 
cylinder, beginning with number 1. As previously explained, the 
distance between the elements is shown in the plan, as 1 — 2, 2 — 8, 
3 — 4 and so on. These spaces are laid off in the development 
along a straight line representing the development of the base, 
and from these points the elements are drawn perpendicularly. 

The lengths of the elements in the development from the base 
to the curve are exactly the same as on the elevation, as the 
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elevation gives the true lengths. If then the development of the 
base is hiid off along the same straight line as the vertical projec- 
tion of the base, the points in elevation may he projected across 
with the T-square to the corresponding elements in the develop- 
ment. The points on the curve cut by the under face of the 
prism are on the same elements as the other curves, and their 
vertical projections are on the under edge of the prism, hence 
these points are projected across for the development of the lower 
curve. 

In Fig. 44 is given the development of the prism from the 
right-hand end as far as the intersection with the cylinder, begin- 

14 

3 




Fig. 44. 

ning at the left with the toj^ edge a o, the straight line a b e a 
being the develoi)ment of the base. As this must be the actual 
distance around the base, the length is taken from the true size 
of the base, a, h^ c^. The parallel lines drawn on the suiiaces of 
the prism must appear on the development their true distances 
apait, hence tlie distances a^ rf,, d^ 6J,, etc., are mjide equal to 
a f/, d e, etc. on the development. The ac^tual distances between the 
parallel lines on the lx)ttom face of the prism are shown along 
the edge of tlie base, b^ c^. Perpendicular lines are dmwn from 
the points of division on the development. 

The position of the developed curve is found by laying off 
the true lengths on the perpendicuhu-s. These true lengths (of 
the parallel lines) are not shown in plan, as the lines are not 
parallel to the horizontal plane, but are found in elevation. The 
length oa ou the development is equal to a'^ o^j d 10 to d^ 10. and 
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BO on for all the rest. Point 9 is fotiud as follows: on the projec- 
tions, the straight line from otod pawes throi^h point % and the 
trae distance from o to 9 is shown in plan. All that is necessary, 
then, is to connect o and d on the development, and lay off from o 
the distance o"9. Number 8 is fonnd in the same way, 

ISOMETRIC PROJECTION. 

Heretofore an object has been represented by two or more 
projections. Another system, called isometrical drawing, is nsed 
to show in one view the three dimensions of an object, length (or 
height), breadth, and thickness. An isometrical drawing of an 
object, as a cnbe, is called for brevity the " isometric " of the cube. 




Fig. 45. 
To obtain a view which shows the three dimensions in such a 
way that measorementa can be taken from them, draw the cube in 
the simple position shown at the left of Fig. 45, in which 
it rests on H with two faces parallel to V; the diagonal from the 
front upper right-hand comer to the back lower left-hand comer is 
indicated by the dotted line. Swing the cube around until the 
diagonal is parallel with V as shown in the second position. Here 
the front face is at the right. In the third position the lower end 
of the diagonal has been raised so that it is parallel to H, becoming 
thus parallel to both planes. The plan is found by the principles 
of projection, from the elevation and the prec«*ding plan. The front 
face is now the lower of the two faces shown in the elevation. 
From this position the cube is swung around, using the comer 
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resting on the H as a pivot, until the diagonal is perpendicnlai 
to V but still parallel to H. The plan remains the same, except as 
regards position; while the elevation, obtained by projecting across 
from the previous elevation, gives the isometrical projection of the 
cube. The front face is now at the left. 

In the last position, as one diagonal is perpendicular to V, it 
follows that all the faces of the cube make equal angles with V, 
hence are projected on that plane as equal parallelograms. For the 
-same reason all the edges of the cube are projected in elevation in 
equal lengths, but, being inclined to V, appear shorter than they 
actually are on the object. Since they are all equally foreshortened 
and since a drawing may be made at any scale, it is customary to 

make all the isometrical lines of a 
drawing full length. This will give 
the same proportions, and is much 
the simplest method. • Herein lies 
the distinction between an isomet- 
rical projection and an isometric 
drawing. 

It will be noticed that the 
figure can be inscribed in a circle, 
and that the outline is a perfect 
hexagon. Hence the lines showing 
breadth and length are 30° lines, 
while those showing height are 
vertical. 

Fig. 46 shows the isometric of a cube, 1 inch square. All of 
the edges are shown in their true length, hence all the surfaces 
appear of the same size. In the figure the edges of the base are 
inclined at 30° with a T-square line, but this is not always the case. 
For rectangular objects, such as prisms, cubes, etc., the base 
edges are at 30° only when the prism or cube is supposed to be in 
the simplest possible iX)sition. The cube in Fig. 46 is supposed to 
be in the position indicated by plan and el(»vation in Fig. 47, that 
is, standing on its base, with two faces parallel to the vertical 
plane. 

If the isometric of the cube in the position of Fig. 48 were 
required, it could not be drawn with the base edges at 30°; neither 
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would these edges appear in their true lengths. It follows, then, 
that in isometrical drawing, true lengths appear only as 30° lines 
or as vertical lines. Edges or lines that in actual projection are 
either parallel to the ground line or perpendicular to V, are drawn 
in isometric as SO"* lines, full length ; and those that are actually 
vertical are made vertical in isometric, also full length. 

In Fig. 45, lines such as the front vertical edges of the cube 
and the two base edges are called the three isometric axes. The 
isometric of objects in oblique positions, as in Pig. 48, can be con- 





Pig. 47. Fig. 48. 

structed only by reference to their projections, by methods which 
will be explained later. 

In isometric drawing small rectangular objects are more satis- 
factorily represented than large curved ones. In woodwork, mor- 
tises and joints and various parts of framing are well shown in 
isometric. This system is used also to give a kind of bird's-eye 
view of the mills or factories. It is also used in making sk(^tchos 
of small rectangular pieces of machinery, where it is desirable to 
give shape and dimensions in one view. 

In isometric drawing the direction of tlie ray of llglit is 
parallel to that diagonal of a cube which runs from the upper left 
comer to the lower right comer, as 4^-7^ in the last elevation of 
Fig. 45. This diagonal is at 30°; hence in isometrical drawing 
the direction of the light is at 30° downward to the right. From 
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this it follows that the top and two left-band faces of the cube are 
liylit, llir otlii-ra diirk. Thia uxplania tUi' slmdo lim-e in Fig. 4.'). 

In Fig. 45, tbc toi) Olid of the diagoual which is parallel to the 
ray of light in the first position is marked 4, and traced through 
to the last or isomotrical projection, 4'. It will be seen that face 
3t 4y 5v 8» of the isometric projection is the front face of the cube 
in the first view; hence we may consider the left front face of the 
isometric cnbe as the front. This is not absolutely necosBar>', 
but by BO doing the isometric shade edges are exactly the same 
as on the origiuid projection. 




Fig. 49. 

Fig. 49 shows a cube with circles inscribed in the top and 
two side faces. The isometric of a circle is an ellipse, the exact 
construction of which would necessitate finding a number of points ; 
for this reason an approximate construction by arcs of circles is 
often made. In the method of Fig. 49, four centers are usetl. 
Considering tlie upix;r face of the cube, lines are drawn from the 
obtns<! anglesyarid e, to the centers of the opposite sides. 

The intersections of these lines give points g and A, which 
scire as centers for the ends of the ellipse. With center g and 
radius ff a, the arc a d 'm drawn; and withy as center and radius 
fiJ, the arc d c '\s described, and the ellipse finished by Tising 
centers h and e. This construction is applied to all three faces 

Fig, oO is tlio isometric of a cylinder standing on its base. 
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Notice that the shade line on the top begins and ends .where 

T-sqnare lines wonld be tangent to the curve, and similarly in the 

case of the part shown on the base. The explanation of the shade 

is very similar to that in pro- ^^ 

jections. Given in projections 

a cylinder standing on its 

base, the plan is a circle, and 

the shade line is determined 

by applying the 45^ triangle 

tangent to the circle. This is 

done because the 45° line is 

the projection of the ray of 

light oi) the plane of the 

base. Fig. 51. 

In Fig. 49, the diagonal m I may represent the ray of light 
and its projection on the base is seen to be A: Z, the diagonal of the 
base, a T-sqnare line. Hence, for the cylinder of Fig. 50, apply 
tangent to the base and also to the top a line parallel to the 
projection of the ray of light on these planes, that is, a T-square 
line, and this will mark the beginning and ending of the shade line. 
In Fig. 49 the projection of the ray of light diagonal ml on 

the right-hand face is e Z, a 30° 
line; hence, in Fig. 51, where the 
base is similarly placed, apply 
the 30° triangle tangent as indi- 
cated, determining the shade line 
of the base. If the ellipse on 
the left-hand face .of the cube wore 
the base of a cone or cylinder 
extending backward to the right, 
the same principle would be used. 

The projection of the cube diagonal m I on that face is m n, a 
60° line; hence the 60° triangle would be used tangent to the base 
in this last supposed case, giving the ends of the shade line* at 
points and r. Figs. 52, 53 and 54 illustrate the same idea with 
respect to prisms, the direction of the projection of the ray of light 
on the plane of the base being used in each case to determine the 
light and dark faces and hence the shade lines. 




Pig. 52. 
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In Fig. 52 a prism is repfresented standing on its base, so that 
the projection of the cube diagonal on the base < that is, a T-sqnaie 
line) is ns^^d to determine the light and dark faces as shown. 

The prism in Fig. 53 has for 
its base a trapezium. The 
projection of the ray of light 
on this end is parallel to the 
diagonal of the face; hence 
the 60^ triangle applied par- 
allel to this diagonal shows 
that faces a c dh and a g Ah 
are light, while c e f d and 
g e f h are dark, hence the 
shade lines as shown. 

The application in Fig. 
54 is the same, the only 
difference being in the position of the prism, and the consequent 
difference in the direction of the diagonal. 

Fig. 55 represents a block with smaUer blocks projecting from 

thnxj faces. 

Fig. 56 shows a framework of three pieces, two at right angles 
and a slanting brace. The horizontal piece is mortised into the 
ui^right, as indicated by the 
(lotted lines. In Fig. 57 
the isometric outline of a 
house is represented, show- 
ing a dormer window and 
a i)nrtial hip roof; ^ ^ is a 
h ij) rafter, e d a valley. Let 
the i)itch of the main roof 
be shown at B, and let m be 
th(5 middle point of the top 
of the end wall of the 
house. Then, by measuring 
vt^rtically up n distance m I 
ecjiml to the vertical height 
a 71 sliown at B, a point on the line of the ridge will be found at l. 
Lino I i is equal to h A, and / h is then drawn. Let the pitch of 




Fig. 54. 



334 



MECHANICAL DRAWING 



le end roof be given at A. This shows that the peak of tho roof; 
r the end a of the ridge, will be back from the end wall a distjitice 
qnal to the hiise of the triangle at A. Hence lay off from I this 
listance, giving point a, and join a with h and x. 




Fig. 57. 



The height k e of the ridgi- of thi^ dormer roof is known, and 
we must find where tins ridge will niit't the ninin root. The ridge 
most be u tiO" line as it runs parallel to the end wall of the house 
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and to the gronnd. Draw from e a line parallel to ft A to meet a 
vertical throogh A at/! This point is in the vertical plane of the 
end wall of the house, hence in the plane of t A. If now a 30° line 
be drawn from/" parallel to a; }, it will meet the roof of the house 
at g. The dormer ridge ^vAfg are in the same horizontal plane, 
hence will meet the roof at the same distance below the ridge a t. 
Therefore draw the 30° line g c^ and connect c with d. 

In Fig. 58 a box is shown with the cover opened through 150**. 




Fijr. 58. 

The right-hand edge of the bottom shows the width, the left-hand 
edge the length, and the vertical edge the height. The short edges 
of the cover are not isometric lines, hence are not shown in their 
tfue Umgths; neither is the angle through which the cover is opened 
represented in its actual size. 

The comers of the cov(T must thcMi Ix^ determimMl by co- 
onlinates from an (»iid vii'w of the box and cover. As the end of 
the cover is in the same plane as the end of the box, the simple 



336 



MECHANICAL DRAWING 



111 



end view as shown in Fig. 59 will be sufficient. Extend the top of 
the box to the right, and from o and d let fall perpendicnlars or 
a h produced, giving the points e and /. The jDoint e may be 
located by means of the two distances or co-ordinates h e and e a 




Pig. 50. 

and these distances will appear in their true lengths in the 
isometric view. Hence produce a' V toe' and/* ; and from these 
points draw verticals e' c' andy d'\ make V e' equal to h e, e' c' 
equal to e c; and similarly for d\ Draw the lower edge parallel 
to c' d' and equal to it in length, and 
connect with h\ 

It will be seen that in isometric draw- 
ing parallel lines always appear parallel. 
It is also true that lines divided projDor- 
tionally maintain this same relation in 
isometric drawing. 

Fig. 60 shows a block or prism with a 
semicircular top. Find the isometric of 
the square circumscribing the circle, then 
draw the curve by the approximate method. 
The centers for the back face are found 
by projecting the front centers back 30° 
equal to the thickness of the prism, as 
shown at a and J. The i)lan and eh^vation of an obli(iuo ix'iitiigonal 
pyramid are shown in Fig. 61: It is evident that none of th(^ 
edges of the pyramid can be drawn in isometric as eithi^r vertical 
or 30° lines; hence, a system of co-ordinates must be used as 




Fig. 60. 
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Bhown in Fig. 68. This problem illustrates the moBt general case; 
and to locate some of the points three co-ordinates most be used, 
two at 30" and one Tertical. 

Circnmscribe, about the plan oC the pyramid, a rectangle wfa ich 
shall have its sides respectiTely parallel and perpendicolar to the 
ground line. Thifl rectangle is on H, and its vertical projection is 
in the gionnd line. 

The ifiometrio of this rectangle can be drawn at once with 30° 
lines, as shown in Fig. C2, o being the same point in both figures. 





Fig. 61. 



Tho horizontal projection of point 3 is found in isometric at S"", at 
the BEuie distance from o as in the plan. That is, any distance 
■which in plan is parallel to a side of the circumscribing rectangle, 
is shown in isometric in, its true length and parallel to the corre- 
sponding side of the isometric rectangle. If point 3 were on the 
horizontal plane its isomotric would be 3'', but the point is at the 
vertical height above H given in the elevation ; hence, layoff above 
3'' this vertical height, obtaining tho actual isometric of the point. 
To locate 4. dniw 4 a parallel to the side of the recbmgle; then lay 
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Fig. 63. 



off o a aud a 4**, giving what may be called the isometric plan of 4 
Next, the vertical height taken from, the elevation locates the iso- 
metric of the i)oint in space. 
In like manner all the 
comeTs of the pyramid, in. 
eluding the apex, are located. 
TKe rale is, locate first in 
isometric the horisontal pro- 
jection of a point hy one or 
two S0° co-ordinates; then 
vertically, above this point, 
its height as taken from 
the elevation. The shade 
lines cannot be detenuined 
here by applying the 30° or 
60° triangle, owing to the 
obliquity of the faces. Since 
the right front corner of the 
rectangle in plan was made the ixjint o m isometric, the shade 
lines must be the same in isometric as in actual projection ; so that, 
if these can be de- 
termined in Fig. 61, 
they may be applied 
I at once to Fig. 62. 
The shade lines 
in Fig. 61 are found 
by a short method 
which is convenient 
to use when theexact 
shade lines are de- 
8in.'d,and when they 
cannot be deter- 
mined hy applying 
the 45° trinugle. A 
plane is fciken at 45° 
with tho horizontal 
plane, and parallel to the direction of the rfiy of light, in such a 
position as to cut all the surfaces of the pynmiid, us shown iu 
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elevation. This plane is perpendicular to the vertical plane; hence 
the section it cuts from the pyramid is readily fomid in plan by 
projection. This plane contains some of the rays of light falling 
upon the pyramid; and we can tell what surfaces these rays strike 




Fig. 65. 



Fig. 66. 




Fig. 67. 




Fig. 68. 

and miike light, by noticing on the plan what edges of the section are 
struck by the i^rojoctions of the rays of light. That is, r s, s t, and t u 
receiv(^tho rays of light; hence the surfac(»s on which thes(? lines lie 
are light, r s\s on the surface determined by the two lines passing 
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through T and «, namely, 2 — 1 and 1 — 5; in other words, r « is 
on the base; similarly, ^ ^ is on the surface 1 — 5 — 6; and tuon 
the surface 4 — 6 — 5. The other surfaces are dark ; hence the edges 
which are between the light and dark faces are the shade lines. 

Whenever it is more convenient, a plane parallel to the ray 
of light and perpendicular to H may be taken, the section found 
in elevation, and the 45° triangle applied to this section. The 
same method may be used to determine the exact shade lines 
of a cone or cylinder in an oblique position. 

Figs. 63 to 70 give examples of the isometric of various 
objects. Fig. 65 is the plan and elevation, and Fig. 66 the 





Fig. 69. 



Pig. 70. 



isometric, of a cari^nter's bench. In Fig. 70, take especial notice 
of the shade lines. These are put on as if the group were made 
in one piece; and the shadows cast by the blocks on one another 
are disregarded. All upper horizontal faces are light, all left-hand 
(front and back) faces light, and the rest dark. 

OBLIQUE PROJECTIONS. 

In oblique projection, as in isometric, the (jnd sought for is 

• the same — a more or less complete representation, in one view, of 

any object. Oblique projection differs from isonu^tric in that one 

face of the obj(ict is rcpn^simtod as if paralh^l to the vtTtical 

plane of projection, the others inclined to it. Another point of 
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^iflferftiw* '» tkAX riAyq[iMi: projertMi ran-^oc r:#r 'Lctbit^^l from 

la o<Uir{T2^ prjjhrtirAL aH lizutis La the froiit £icir are »iiovn in 
tiwrir tnvz kt^iu anri in thrrir trier r-riaiir-'t t«^ oiur another, and 
liA^rJi -Jrhirrh afpr |:^^rp#itwlinilar to this front fai^r arn- shown rn thieir 
tr>r Xffti^h^ at an J an^z^ that mav b»r dr^irMi f.^r any 
eaiK;, lAtMHii not in tb«; DlaDft; of the front 
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Uf it r/irwt V; ilhUzrmmfA by co-onlinat^-s, as in isometric. It will 
\ft'. ntrtm at once that this sysU-m possesses some advantages over 
tb^; inoowHriCy as, for instance, in the representation of circles. 





Fit(. 73. 



Fig. 74. 



UH any cjirclcj or curve iu the front face is actually drawn as such. 
Th<5 rays of lij^ht are still sui^posi^d to be x^^rallel to the same 
flifigoiial of tlio (!ulx», that is, 8loj)ing dowiiwanl, towanl the i)lane 
of projection, and to the; right, or downward, backward and to 
the right. Figs. 71, 72 and 73 show a cube in oblique projection, 
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with the 30 , 45 and 60° slant respectively. The dotted diagonal 
represents for each case the direction of the light, and the shade 
lines follow from this. 

The shade lines have the same general position as in isometric 





Pig. 75. Pig. 76. 

drawing, the top, front and left-hand faces being light. No matter 
what angle may be used for the edges that are perpendicular to 
the front face, the projection of the diagonal of the cube on this 
face is always a 45° line; hence, for determining the shade lines on 




Fig. 77. 

any front face, such as the end of the hollow cylinder in Fig. 74, 
the 45° line is used exactly as in the elevation of ordinary 
projections. 

Figs. 75, 76, 77 and 79 are other examples of oblique projections. 
Fig. 77 is a crank arm. 

The method of using co-ordinates for lines of which the true 
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lengths are not shown, is illustrated by Figs, 78 and 79, Fig. 79 
represents the oblique projectiDu of the two joists showu in plan 
and elevation in Fig, IH. Tlip dotted lines in the elevation (see 
Pig. 78) show the heights of the coniere above the hori»>nttd 
etick. The feet of these perpendiculars give the horizontal dis- 
lances of the top roriu'rs from the end of the horizontal piece. 

In Fig. 79 lay off from the npi»r right-hand comer of the 
front end a distanct^t equal to the distaucj^ between the front edge > 
of the inclined piece and the front edge of the bottom piece (see 
Fig. IH). From this point draw a dotted line parallel to the 





length. The horizontid distances from the iippt^r left comer to 
the <lotte<l iw?rpendicular are then marked off on this line. From 
these points verticals are drawn, and made et]ual in length to the 
dotted ix'rpendiculars of Fig. 78, thus locating two comers of the 
end. 

LINE SHADING. 

In finely finishe<l drawings it is freciuently desirable to make 
thf various jxirts more n-adily seen by showing the graduations of 
light and shade on the curved surfaces. This is espi'cially true of 
such siirfaces as cylinders, cones and spheres. The cff(>ct is 
obtained by drawing a scries of parallel or converging lines on 
the surface at varying distances from one another. Sometimes 
draftsmen vary the width of the lines themselves. Thesi; lines are 
farther atmrt on the lighter jwrtion of the surface, and are closer 
together and heavier on the darker part. 
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Fig, 80 BhowB a cylinder with elementa drawn on the Barface 
equally spaced, as on the plan. On account of the curvature of 
the surface the elements are not equally spaced on the elevaticu, 
but give the effect of graduation of light. The 
result is that in elevation the distances between 
the elements gradnally lessen from the center 
toward each side, thus showing that the cylinder 
is convex. The effect is intensified, however, if 
the elements are made heavier, as well as closer 
together, as shown in Figs. 81 to 87. 

Cylinders are' often shaded with the light 
coming in the usual way, the darkest part com- 
mencing about where the shade line would actually 
be on the surface, and the lightest portion a little 
to the left of the center. Fig. 81 is a cylinder 
showing the heaviest shade at the right, as this 
method is often used. Considerable practice is 
necessary in order to obtain good results; but lu 
this, as in other portions of mechanical drawing, 
perseverance has its reward. Fig. 82 repo'Si'uts a cylintU-r in a 
horizontal ix)sition, and Fig. 83 represents a Bi-ction of a hollow 
vertical cylindtir. 




Pig. aa 



i 








i 



Fig. 81. 



Fig. 82. 



Fig. 83. 



Figs. 84 to 87 give other examples of familiar objects. 

In the elevation of the cone shown iu Fig. 87 the shade lines 
should diminish in weight as they approach the apex. Unless 
this is done it will be difficult to avoid the formation of a blot at 
that jxtint. 
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LETTERINQ. 

All working drawiuga require more or less lettering, encb as 
titles, dimensions, explanations, etc. In order tliat the drawing 
may appear finished, the lettering mnst be well done. No style 
of lettering should ever be used which is not perfectly legible. 
It Ib generally best to tisc plain, easily-made letters which present 




Fig. 88. 



Fig. 87. 



a neat appearance. Small letters nsed on the drawing for notes or 
directions should be made free-hand with an ordinary writing pen. 
Two horizontal guide lines should be used to limit the height of 
the letters; after a time, however, the upper guide lino may be 
omitted. 
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In the early part of this course the inclined Gothic letter was 
described, and thie alphabet given. The Roman, Gothic and block 
letters are perhaps the most nsed for titles. These letters, being 
of comparatively large size, are generally made mechanically; that 
is, drawing instruments are used in their construction. In order 
that the letters may appear of the same height, some of them, 
owing to their shape, must be made a little higher than the others. 
This is the case with the letters curved at the top and bottom, 
such as C, O, S, etc., as shown somewhat exaggerated in 
Fig. 88. Also, the letter A should extend a little above, and V a 
little below, the guide lines, because if made of the same height 
as the others they will appear shorter. This is true of all capitals, 
whether of Roman, Gothic, or other alphabc^ts. In the block letter, 
however, they are frequently all of the same size. 

There is no absolute size or proportion of letters, as the 
dimensions are regulated by the amount of space in which the 
letters are to be placed, the size of the drawing, the efifect desired, 
etc. In some cases letters are made so that the height is greater 
than the width, and sometimes the reverse; sometimes the height 
and width are the same. This last proportion is the most common. 
Certain relations of width, however, should Ix^ observed. Thus, in 
whatever style of alphabet used, the W should be the widest letter; 
J the narrowest, M and T next widest to W, then A and B. The 
other letters are of about the same width. 

In the vertical Gothic alphabet, the average height is that of 
B, D, E, F, etc., and the adxlitional height of the curved lettc^rs 
and of the A and V is very slight. The horizontal cross lines of 
such letters as E, F, H, etc., are slightly above the center; those 
of A, G and P slightly below. 

For the inclined letters, 60° is a convenient angle, although 
they may be at any other angle suited to the convenience or fancy 
of the draftsman. Many draftsmen use an angle of about 70°. 

The letters of the Roman alphab(»t, whether vertical or 
inclined, are quite ornamental in effect if well made, the inclined 
Roman being a particularly attractive letter, although rather 
difficult to make. The block letter is made on the same general 
plan as the Gothic, but much heavier. Small squares are taken as 
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the unit of measurement, as shown. The use of this letter is not 
advocated for general work, although if made merely in outline the 
effect is pleasing. The styles of numbers corresix)nding with 
the alphabets of capitals given here, are also inserted. When a 
fraction, such as 2| is to be made, the proportion should be about 
as shown. For small letters, usually called lower-case letters, 

abcdefghijklmn 
opqrstuv^/xyz 

Fig. 89. 

abcc/efgh/jk/mn 
opqrs tuvwjcyz 



Fig. 90. 



ab c d e f g hij kl mn 
opqrstuv^wxyz 

Fig. 91. 

the height may be made about two-thinls that of the capitals. 
This proportion, how(»vrr, varies in spt*cial castas. 

The principal lowtT-c^se letters in general use among drafts- 
men are shown in Figs. 89, 90, 91 and 92. Th(? Gothic betters 
shown in Figs. 89 and 90 are much easier to make than thc^ 
Roman letters in Figs. 91 and 92. These letters, how(?ver, do not 
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give as finished an appearance as the Roman. As has already 
been stated in Mechanical Drawing, Part I, the inclined letter is 
easier to make because slight errors are not so apparent. 

One of the most important points to be remembered in letter- 
ing is the spacing. If the letters are finely executed but poorly 
spaced, the effect is not good. To space letters correctly and 
rapidly, requires considerable experience; and rules are of little 
value on account of the many combinations in which letters are 

CLbcderghijklrrin 
opqrstavM^xyz 

Pig. W. 

found. A few directions, however, may be found helpful. For 
instance, take the word TECHNICALITY, Fig. 93. If all the 
spaces were made equal, the space between the L and the I would 
appear to be too great, and the same would apply to the space 
between the I and the T. The space between the H and the N 
and that between the N and the I would be insufficient. In 
general, when the vertical side of one letter is followed by the verti- 
cal side of another, as in H E, H B, I R, etc., the maximum space 

TECHNICALITY 

Pig. 93. 

should be allowed. Where T and A come together the least space 
is given, for in this case the top of the T frequently extends over 
the bottom of the A. In general, the sjxicing should be such that 
a uniform appearance is obtained. For the distances between 
words in a sentence, a space of about \\ the width of the average 
letter may be used. The space, however, depends largely upon the 
desired effect. 
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For ]ai^ titles, fiuch as those placwl oq t-hjirls, nmiw, and 
Bome luFgu working tlmwiuge, tho letters shouUl ha peiiciU-d bcforu 
iaking. If the height 1b inude equal to the width cousidemble 
time and labor will be saved in laying out the work. This ia 
especially true with such Gothic letters us O, Q, C, etc., as these 
letters may then be made with compasses. If the letters are of 
sofficient size, the outlines may be drawn with the ruling pen or 
compasses, and the sjiaceB between filled in with a fine brush. 

The titles for working drawings are generally plac*^ in the 
lower right-hand comer. Usual a dr.iftBmaD has his choice of 




letters, mainly because after he has become used to making one 
style he can do it rapiilly and accurately. However, in some draft- 
ir^ rooms the head dniitsmau decideswhat lettering shall be used. 
In making these titles, the different alphabets are selected to give 
the best results without spending too much time. In mcBt work 
the letters are made in straight lines, although we fre<iuently find 
a portion of the title lettered on an arc of a circle. 

In Fig. 94 is shown a title having the words CONNECTING 
ROD lettered on an arc of a circle. To do this work requires 
considerable patience and practice. First draw the vertical center 



us I 

J 



MECHANICAL DRAWING 127 



line as shown at C in Fig. 94. Then draw horizontal lines for the 
horizontal letters. The radii of the arcs depend upon the general 
arrangement of the entire title, and this is a matter of taste. The 
diflference between the arcs should equal the height of the letters. 
After the arc is drawn, the letters should be sketched in pencil to 
find their approximate positions. After this is done, draw radial 
lines from the center of the letters to the center of the arcs. 
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These lines will be the centers of the letters, as shown at A, B, D 
and E. The vertical lines of the letters should not radiate from 
the center of the arc, but should be parallel to the center lines 
already drawn; otherwise the letters will appear distorted. Thus, 
in the letter N the two verticals are parallel to the line A. The 
same applies to the other letters in the alphabet. 
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Tracing. Having finished the pencil drawing, the next ^tep 
is the inking. In some offices the pencil drawing is made on a thin, 
tough paper, called board paper, and the inking is done over the 
pencil drawing, in the manner with which the student is already 
familiar. It is more common to do the inking on thin, trans* 
parent cloth, called tracing cloth, which is prepared for the pur- 
pose. This tracing cloth is made of various kinds, the kind in 
ordinary use being what is known as " dull back," that is, one 
side is finished and the other side is left dull. Either side may 
be used to draw upon, but most draftsmen prefer the dull side. 
If a drawing is to be traced it is a good plan to use a 311 or 4H 
pencil, so that the lines may be easily seen through the cloth. 

The tracing cloth is stretched smoothly over the pencil draw- 
ing and a little powdered chalk rubbed over it with a dry cloth, 
to remove the slight amount of grease or oil from the surface and 
make it take the ink better. The dust must be carefully brushed 
or wiped off with a soft cloth, after the rubbing, or it will inter- 
fere with the inking. 

The drawing is then made in ink on the tracing cloth, after 
the same general rules as for inking the paper, but care must be 
taken to draw the ink lines exactly orver the pencil lines which 
are on the paper underneath, and which should be just heavy 
enough to be easily seen through the tracing cloth. The ink lines 
should be firm and fully as heavy as for ordinary work. In tracing, 
it is better to complete one view at a time, because if parts of 
several views are traced and the drawing left for a day or two, the 
cloth is liable to stretch and warp so that it will be difficult to 
complete the views and make the new lines fit those already 
drawn and at the same time conform to the pencil lines under- 
neath. For this reason it is well, when possible, to complete a 
view before leaving the drawing for any length cf time, although 
of course on viewc in which there is a good deal of work this 
cannot always be done. In this case the draftsman must manipu- 
late his tracing cloth and instruments to make the lines fit as best 
he can. A skillful draftsman will have no trouble from this 
source, but the beginner may at first find difficulty. 

Inking on tracing cloth will be found by the beginner to be 
quite different from inking on the paper to which he has been 
accustomed, and he will doubtless make many biota and think ai 
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first that it is hard to make a tracing. After a little practice, 
however, he will find that the tracing cloth is very satisfactory 
and that a good drawing can be made on it quite as easily as on 
paper. 

The necessity for making erasures should be avoided, as far 
as possible, but when an erasure must be made a good ink rubber 
or typewriter eraser may be used. If the erased line is to have 
ink placed on it, such as a line crossing, it is better to use a soft 
rubber eraser. All moisture should be kept from the cloth. 

Blue Printing. The tracing, of course, cannot be sent into 
the shop for the workmen to use, as it would soon become soiled 
and in time destroyed, so that it is necessary to have some cheap 
and rapid means of making copies from it. These copies are 
made by the process of blue printing in which the tracing is used 
in a manner similar to the use made of a negative in photography. 

Almost all drafting rooms have a frame for the purpose of 
making blue prints. These frames are made in many styles, some 
simple, some elaborate. A simple and efficient form is a flat sur- 
face usually of wood, covered with padding of soft material, such 
as felting. To this is hinged the cover, which consists of a frame 
similar to a picture frame, in which is set a piece of clear glass. 
The whole is either mounted on a track or on some sort of a 
swinging arm, so that it may readily be run in and out of a 
window. 

The print is made on paper prepared for the purpose by 
having one of its surfaces coated with chemicals which are sensi- 
tive to sunlight. This coated paper, or blue-print paper, as it is 
called, is laid on the padded surface of the frame with its coated 
side uppermost; the tracing laid over it right side up, and the 
glass pressed down firmly and fastened in place. Springs are 
frequently used to keep the paper, tracing, etc., against the glass. 
With some frames it is more convenient to turn them over and 
remove the backs. In such cases the tracing is laid against the 
glass, face down; the coated paper is then placed on it with the 
coated side against the tracing cloth. 

The sun is allowed to shine upon the drawing for a few 
minutes, then the blue-print paper is taken out and thoroughly 
washed in clean water for several minutes and hung up to dry. 



8SS 



130 . MECHANICAL DRAWING 

If the paper has been recently prepared and the exposure properly 
timed, the coated surface of the paper will now be of a clear, deep 
bine color, except where it was covered by the ink lines, where it 
will be perfectly white. 

The action has been this: Before the paper was exposed to 
the light the coating was of a pale yellow color, and if it had then 
been put in water the coating would have all washed off, leaving 
the paper white. In other words, before being exposed to the 
sunlight the coating was soluble. The light penetrated the trans- 
parent tracing cloth and acted upon the chemicals of the coating, 
changing their nature so that they became insoluble; that is, when 
put in water, the coating, instead of being washed off, merely 
turned blue. The light could not penetrate the ink with which 
the lines, figures, etc., were drawn, consequently the coating under 
these was not acted upon and it washed off when put in water, 
leaving a white copy of the ink drawing on a blue background. 
If running water cannot be used, the paper must be washed in a 
su£Scient number of changes until the water is clear. It is a good 
plan to arrange a tank having an overflow, so that the water may 
remain at a depth of about 6 or 8 inches. 

The length of time to which a print should be exposed to the 
light depends upon the quality and freshness of the paper, the 
chemicals used and the brightness of the light. Some paper is 
prepared so that an exposure of one minute, or even less, in bright 
sunlight, will give a good print and the time ranges from this to 
twenty minutes or more, according to the proportions of the 
various chemicals in the coating. If the full strength of the sun- 
light does not strike the paper, as, for instance, if clouds partly 
cover the sun, the time of exposure must be leugthened. 

Assembly Drawing. We have followed through the process 
of making a detail drawing from the sketches to the blue print 
ready for the workmen. Such a detail drawing or set of drawings 
shows the form and size of each piece, but does not show how the 
pieces go together and gives no idea of the machine as a whole. 
Consequently, a general drawing or assembly drawing must be 
made, which will show these things. Usually two or more views 
are necessary, the number depending upon the complexity of the 
machine. Very often a cross-section through some part of the 
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machiDe, chosen so as to give the best general idea with the least 
amount of work, will make the drawing clearer. 

The number of dimensions required on an assembly drawing 
depends largely upon the kind of machine. It is usually best to 
give the important over-all dimensions and the distance between 
the principal center lines. Care must be taken that the over-all 
dimensions agree with the sum of the dimensions of the various 
details. For example, suppose three pieces are bolted together, 
the thickness of the pieces according to the detail drawing, being 
one inch, two inches, and five and one-half inches respectively; the 
sum of these three dimensions^ is eight and one-half inches and 
the dimensions from outside on the assembly drawing, if given at 
all, must agree with this. It is a good plan to add these over-all 
dimensions, as it serves as a check and relieves the mechanic of the 
necessity of adding fractions. 

FORMULA FOR BLUE-PRINT SOLUTION. 

Dissolve thoroughly and filter. 

Red Prussiate of potash 2}4 ounces, 

^' Water 1 pint 

Ammonio-Citrate of iron. . 4 ounces, 

^' Water 1 pint 

Use equal parts of A and B. 

FORHULA FOR BLACK PRINTS 

Negatives. White lines on blue ground; prepare the paper 

with 

Ammonio-Citrate of iron 40 grains, 

Water^ 1 ounce. 

After printing wash in water. 

Positives. Black lines on white ground; prepare the paper 
with: 

Iron perchloride 616 grains, 

Oxalic Acid 308 grains, 

Water 14 ounces. 

{Gallic Acid 1 ounce, 
Citric Acid 1 ounce. 
Alum 8 ouncesL 

Use 1 J ounces of developer to one gallon of water. Paper is 
fully exposed when it has changed from yellow to white. 
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PLATES. 

PLATE IX. 

The plates of this Instruction PaixT should be laiil out at the 
same size as the plates in Parts I and II. The center lines and 
border lines should also be drawn as described. 

First draw two ground lines across the sheet, 3 inches below 
the upper border line and 3 inches above the lower border line. 
The first problem on each ground line is to be placed 1 inch from 
the left border line; and spaces of about 1 inch should be left 
between the figures. 

Isolated points are indicated by a small cross X, and projections 
of lines are to be drawn full unless invisible. All construction 
lines should be fine dotted lines. Given and required lines should 
be drawn full. 

Problems on Upper Qround Line: 

1. Locate both projections of a point on the horizontal plane 
1 inch from the vertical plane. 

2. Draw the projections of a line 2 inches long which is 

parallel to the vertical plane and which makes an angle of 45 

degrees with the horizontal plane and slants upward to the right. 
The line should be 1 inch from the vertical plane and the lower end 
^ inch above the horizontal. 

3 Draw the projections of a line 1 J inches long w^hich is 

imrallel to both planes. 1 inch above the horizonttil, and J inch from 

the vertical. 

4. Draw the plan ana elevation of a line 2 incnes long which 
is parallel to H and makes an angle of 30 degrees with V. Let the 
right-hand end of the line be the end nearer V, J inch from V. 
The line to be 1 inch above H. 

5. Draw the plan and elevation of a line IJ inches long 
which is periDendicular to the horizontal i)lane and 1 inch from the 
vertical. Lower end of line is ^ inch above H. 

5. Draw the projections of a line 1 inch long which is 
perpendicular to the vertical plane and 1^ inches above the 
horizontal. The end of the lino nearer V, or the back end, is 
i inch from V. 
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7. Draw two projections which slmll represent a lino obliqne 
to both pLmes. 

Note. Loavc 1 inch Ixjtwoon this figure and tho right-hand lx>r(ler h'ne. 

Problems on Lower Ground Line: 

8. Draw the projc^^ctions of two ixirallel lines each 1 J inches 
long. The lines are to be parallel to the vertical plane and to make 
angles of GO degrees with the horizontal. The lower end of each 
line is J inch above H. The right-hand end of the right-hand line 
is to be 2| inches from the left-hand margin. 

9. Draw the projections of two parallel lines each 2 inches 
long. Both lines to be parallel to the horizontal and to make 
an angle of 30 degrees with the vertical. The lower line to be 

1 inch above H, and one end of one line to be against V. 

10. Draw the projections of two intersecting lines. One 

2 inches long to be parallel to both planes, 1 inch above H, and 
I inch from the vertical; and the other to be oblique to both 
planes and of any desired length. 

11. Draw plan and elevation of a prism 1 inch sqnare and 1^ 
inches long. The prism to have one side on the horizontal plane, 
and its long edges to be perpendicular to V. The back end of the 
prism is J inch from the vertical plane. 

12. Draw plan and elevation of a prism the same size as given 
above, but with the long edges parallel to both planes, the lower 
face of the prism to be imrallel to H and J inch above it. The 
back face to be ^ inch from V. 

PLATE X. 

The ground line is to be in the middle of the sheet, and the 
location and dimensions of the figures are to be as given. The 
first figure shows a rectangular block with a rectangular hole cut 
through from front to back. The oth(^r two figures represent the 
same block in diflferent positions. The second figure is the end or 
profile projection of the block. The same face is on H in all 
three positions. Be careful not to omit the shade lines. The 
figures given on the plate for dimensions, etc., are to be used but 
not repeated on the plate by the sturlent. 
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PLATE XI. 

Three ground lines are to be used on this plate, two at the left 
4J inches long and 3 inches from top and bottom margin lines; and 
one at the right, half way between the top and bottom margins, 9J 
inches long. 

The figures 1, 2, 3 and 4 are examples for finding the true 
lengths of the lines. Begin No. 1 |inch from the border, the 
vertical projection 1| inches long, one end on the gromid line and 
inclined at 30°. The horizon till proj(?ction has one end ^ incl 
from V, and the other 1| inches from V. Find the true length of 
the line by comi^leting the construction commence by swinging 
the arc, as shown in the figure. 

Locate the left-hand end of No. 2 3 inches from the border, 
1 inch above H, and § inch from V. Extend the vertical i^rojection 
to the groimd line at an angle of 45°, and make the horizontal pro- 
jection at 30°. Complete the construction for. true length as 
commenced in the figure. 

In Figs. 3 and 4, the true lengths are to be found by complet- 
ing the revolutions indicated. The left-hand end of Fig. 3 is | 
inch from the margin, 1^ inches from V, and 1| inches above H. 
The horizontal projection makes an angle of 60° and extends to the 
ground line, and the vertical projection is inclined at 45°. 

The fourth figure is 3 inches from the border, and rei)resents 
a line in a profile plane connecting points a and I, a\sl\ inches 
above H and | inch from V; and J is ^ inch above H and 1^ 
inches from V. 

The figures for the middle ground line represent a pentagonal 
pyramid in three positions. The first position is the pyramid with 
the axis vertical, and the base § inch above the horizontal. The 
height of the pyramid is 2J inches, and the diameter of the circle 
circumscribed about the base is 2^ inches. The center of the circle 
is 6 inches from the left margin and 1| inches from V. Spaces 
between figures to be | inch. 

In the second figure the i)yramid has been revolvcni about the 
right-hand comer of the base as an axis, through an angle of 15°. 
The axis of the pyramid, shown dotted, is therefore at 75°. The 
method of obtaining 75° and 15° with the triangles was shown in 
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Part I. From the way in which the pyramid has been revolved. 
eJI angles with V most remain the eanie as in the first jiositionj 
hence the vertical projection will be the same shape and size as 
before. All points of the pyramid remain the same distance 
from V. The points on the plan are found on T-square lines 
through the comers of the first plan and directly beneath the 
points in elevation. In the third position the pyramid has been 
swung aroimd, about a vertical line through the apex as axis, 
through 30°. The angle with tho horizontal x'hine remains the 
same; consequently the p\nn is the same size and ehaixi ua in the 






second x^osition, btit ut a different angle wHh the ground line. 
Heights of all points of the pynimid have not changed this time, 
and hence are projected across from the second elevation. Shade 
lines are to be put on between the light and dark surfaces as 
determined by the 45° triangle. 



PLATE XII. 

Developments. 

On this plate draw the developments of a truncated octagonal 
prism, and of a truncated pyramid having a stiuare base. The 
arrangement on the x>late ia left to the student; but we should 
suggest that the truncated prism and its development be placed at 
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the left, and that the development of the truncated pyramid be 
placed under the development of the prism; the truncated pyramid 
may be placed at the right. 

The prism and its development are shown in Fig. 96, The 
prism is 3 inches high, and the base is inscribed in a circle 2J 
inches in diameter. The plane forming the truncated prism is 
passed as indicated, the distance A B being 1 inch. Ink a suffi- 
cient number of construction lines to show clearly the method of 
finding the development. 

The iDyramid and its development are shown in Fig. 97. Each 
side of the square base is 2 inches, and the altitude is 3^ inches. 

A 





Fig. 97. 

The plane forming the truncated i)yramid is x>assed in such a 
position that A B equals If inches, and A C equals 2^ inches. In 
this figure the development may be drawn in any convenient 
jx)sition, but in the case of the i^rism it is better to draw the 
development as shown. Indicate clearly the construction by 
inking the construction lines. 

PLATE XIII. 
Isometric and Oblique Projection. 

Draw the oblique projection of a portable closet. The angle to 
be used is 45°. Make the height 3 J inches, the depth IJ inches, 
and the width 3 inches. See Fig. 98. The width of the closet 
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is to be shown as the left-hand face. The front left-liaiul lower 
comer is to be 1 inch from the left-hand border line and 2 inches 
from the lower border line. The door to be placed in the closet 
should be 1| inches wide and 2| inches high. Place the door 




Fig. 98. 

centrally in the front of the closet, the bottom edge at the height 
of the floor of the closet, the hinges of the door to be placed on the 
left-hand side. In the obliqne drawing, show the door opened 
at an angle of 90 degrees. The thickness of the material of the 
closet, door, and floor is ^ inch. 
The door should be hung so that 
when closed it will be flush with 
the front of the closet. 

Make the isometric drawing 
of the flight of steps and end walls 
as shown by the end view in Fig. 
99. The lower right-hand comer 
is to be located 2J inches from 
the lower, and 5 inches from the 
right-hand, margin. The base of the end wall is 3J inches Jong, 
and the height is 2^ inches. Beginning from the back of the 
wall, the top is horizontal for § inch, the remainder of the outline 
being comix^sed of arcs of circles whose radii and centers are given 




Fig. 99. 
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in the figure. The thickness of the end wall is f inch, and both 
ends are alike. There are to be five steps; each rise is to be 
I inch, and each tread j^ inch, except that of the top step, which 
is I inch. The first step is located § inch back from the comer 
of the wall. The end view of the wall should be constructed on a 
separate sheet of paper, from the dimensions given, the points on 
the curve being located by horizontal co-ordinates from the vertical 
edge of the wall, and then these co-ordinates transferred to the 
isometric drawing. After the isometric of one curved edge has 
been made, the others can be readily found from this. The width 
of the stejps inside the walls is 3 inches. 

PLATE XIV. 
Free-hand Lettering. 

On account of the imixjrtance of free-hand lettering, the 
student should practice it at every ox^portmiity. For additional 
practice, and to show the improvement made since completing 
Part I, lay out Plate XIV in the same mjinner as Plate I, and letter 
all four rectangles. Use the same letters and words as in the lower 
light-hand rectangle of Plate I. 

PLATE XV. 
Lettering. 

First lay out Plate XV in the same manner as previous 
plates. After drawing the verticiil center line, draw light pencil 
lines as guide lines for the letters. The height of each line of 
letters is shown on the reproduced i>late. The distance be- 
tween the letters should be j^ inch in every case. The spacing 
of the letters is left to the student. He may facilitate his work 
by lettering the words on a separate piece of paper, and finding 
the center by measurement or by doubling the paper into two 
equal parts. The styles of letters shown on the reproduced plate 
should be used 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the appb'cation of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 



377 



R K V I K W Q I J K S T I O IN^ S 



<> :n tuk h it k .1 k t^ t ok 



PT^AXK SIJRV'KY^INO 



1»ART I 



1. Explain by a diagram how to erect (with the tape 
alone) a line at right angles to a given line. 

2. The sides of a triangular field are 820,432 and 529 feet. 
Find the area of the field in acres, rods and square rods. 

3. Find the area of a triangle whose sides are 31, 40 and 
55 rods. 

4. Given in Fig. 14, B = 2.85 chains, C D = 3.07 
chains, C S — L = 0.52 chains and L S = 0.75 chains. Cal- 
culate the area of the triangle I> I). 

5. A certain line is known to he 530 feet in lenorth, but 
when measured with a certain tape is found to be 533i feet in 
length. Determine the true length of the tape. 

0. A certain field is measured with a (xunter's chain and 
is foucd to contain 5.75 acres. It is afterwards discovered that the 
chain is j-^„ of a foot too long. Find tlie true area of the field. 

7. If a line as measured is found to be 482^ feet in length 
and it is afterwards discovered that the tape is too short by J of a 
foot, what is the true lencjth of the line? 

8. A level bubble has a radius of 150 feet and its scale 
has 10 spaces in an inch. AVhat error in leveling will result at a 
distance of 275 feet when the level bnbble is lA Bj)acc*s out of levels 

9. At a distance of 150 feet, two rod readinijs were 3.704 
and 3.745 and the bubble moved over J inch. Determine the 
radius of the bubble tube. 

10. AVhat error in leveling will result at a distance of 123 
feet if the bubble is 2| spaces out of level, the senile of which 
has 7 spaces in an inch, the radius being 170 feet? 
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11. If the difference of rod readings is 0.03 foot and the 
bubble having a radius of 50 feet moves over 0.015 foot, deter- 
mine the distance from the instrument to the rod. 

12. Given the distances measured along the straight line 
A B in Fig. A. Page 22, to be 35, 40, 55,45, 50, 70, 30, 45 and 25 
feet. The offsets beginning with at A are 40, 35, 0,-55, -65, -30, 
0, 25 and feet at B. Determine the area included between the 
line A B and the broken line A C D E F B. 

13. An angle is 5 degrees and 1 minute and the distance 
823 feet. What is the length of the subtended arc? 

14. In your own words, describe the Gunter's chain, and 
its advantages in land surveying. Describe the engineer's chain 
and state what errors are liable to occur in using either chain for 
measuring lines. 

15. In your own words, describe the different kinds of 
tapes and explain fully the advantages of the band tape over the 
chain for measuring the lengths of lines. 

16. In your own words, describe the wye level, accompany- 
ing the description with sketches whenever necessary. 

17. Define the following terms: Lineofcollimation; instru- 
mental parallax; spherical al>erration; chromatic al)erration. 

18. In your own words, state the adjustments of the wye 
level Iti their order. 

10. In your own words, describt^ hew to make the tests for 
the several adjustments of the wye level. 

20. In your own words, describe with sketches, how to 
make several adjustments of the wye level. In their <n'iler, 

21. Define the following terms: Back-sight; fore-sight; 
height of instrument; datum plain; bench-mark; peg; elevation. 

22. In your own words, descril)e how to '*8et" the wye 
level and the field operations of leveling. 

23. Assuming your own rod readings, prepare a system of 
level notes; calculating heights of instrument and elevations. 

24. In your own words, describe the Dumpy level and ex- 
])lain how it differs from the wye level. 



Zo. State and explain fully the adjustments of the Dumpy 



level hi their order. 
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1. Give a detailed description of the transit. 

2. Give the reasons for each of the adjustments of the transit. 
Draw a diagram in each case. 

3. Describe fully in their ordrr how to test the adjustments of 
the transit. 

4. Describe fully in their order how to make the several 
adjustments of the transit. 

5. Define the following: Latitude of a station; longitude of 
a line; double longitude; departure*. 

6. Explain the use of double longitudes. Draw a figure, and 
explain how latitudes and departures may be gotten from the length 
and bearing of a line. 

7. In order to find the difference in height of two peaks M 
and A'', a base line A B was laid off 5,000 feet long; and the hori- 
zontal angles BAM = 120^ 30', fi^iV = 49^15', ABM = 40^35', 
and ABN = 95^07', were read. At A, the angle of elevation of 
M was 17° 19', and the angle of elevation of A^ was 18° 45'. Com- 
pute the difference in the height of the two peaks. 

Ans. M is 226.59 feet above N. 

8. Draw a figure, and deduce a general rule for the double 
longitude of any course in terms of thedouble longitude and departure 
of the preceding course. 

9. Explain what is meant by balancing a sur\'ey. 

10. Describe fully how the latitudes and departures of a series 
of courses may be balanced, and how to determine the balanced 
length and bearing of each course. 



381 



PLANE SURVEYING 



11. I^t c -f / = 0.87 feet, s' = 4.65 feet, and 7 = 3° 32'. 
Compute the horizontal distance to the rod and the difference in 
elevation. WTiat error results when c + / is neglected? 

12. In order to find the direction and distance between two 
points R and Q, the following lines are run. RA, S 87° 37' W. 
930.57feetM J5, W 621.03 feet; J5Q, S 88° 15' West, 82.78 fevU 
Compute the bearing and length of RQ, and locate the point 
where it crosses A J5, with reference to A, 

13. In onler to find the direction and distance of a point, the 
following lines are run : AC X 42° 15' E 714.5 feet. CB X 1° 8' 
E 210.5 feet. Compute the distance and l)earing of the two points. 

Q Draw a diagram before starting 

? ^^ — -'"'''>< -. the solution. 

^^£ 14. Draw a diagram simi- 
/ lar to the hands of a clock, and 

/ explain what is meant by an 

270*4- 90* / • .u 

/ azimuth. 

^F 15. If the limb of a transit 

^ — " ' is divided into 20 mmute spaces, 

^ ,.- , . show how the vernier must be 

M^. A. 

made in order to read 1 minute; 
also how to read 20 seconds. (live diagmms of these verniers. 

16. Explain the relation between azimuth and lx»arings of lines 
in the four (juadrants. Determine the azimuths of the c<)urs(»s in 
Problem 3, page 88. 

17. Compute the area of Fig. A, taking the azimuth o( B C 
as 0° 00'. Also taking the azimuth of A B as 1K)° 00'. 

A li ^ 800 feet . A = 58° 1 4' 

li C = 500 foot. B = 120° (K)' 

C I) = 200 foot. C = 125° 00' 

I) K = 100 foot. I) - 200° 00' 

/t /'' - 000 foot. t: = 83° .S4' 

F A --=. 700 foot. F = 133° 12' 

Ans. Area = 11 acres 1 rood 1.62 rods. 

18. Describe fully the various steps involved in determining 
the area of an enclosed field from latitudes and departures, and state 
the rule for calculating the area. 

19. A polygon of six sides has the foUow^ing interior angles: 
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A = 5S°24';7i = 121° 30'; C = 127° 45'; £ = 95°19';F = 133° 2'. 

The azimuth /I J5 is (X)° ()'. Find the azimuth of each of the other sides. 

20. Give a complete description of the surveyor's compass. 

Explain fully how to use the compass in the field in determining areas. 

21. Given the latitude of one 
end of a line as + 2,804.4, its 
longitude as + 4,661.3, its length 
as 797.2 feet, and its azimuth as 
1 1 5° 44' 28^ Compute the lati- 
tude and longitude of the other 
end. Draw a figure before start- 
ing the solution. 
Ans. I^atitude = 2,458.2 feet. 

Ix)ngitude = 5,379.4 ft»et. 

22. Describe fullv the field 
work of running a traverse. 

23. Explain fully the field 
work of laying out angles. 

24. In Problem 2, Page 88, 
the bearing of the first course is 
changed to S. 15° E. Calculate 




Fijr. n. 



the changed bearings of the other courses. 

25. Describe fully how to test and make the adjustments of 
the compass in their order. 

26. Explain fully how to lay out a true meridian from Polaris. 

27. Explain the application of, 
and describe fully how to carry 
out, the "peg'* adjustment for the 
transit. 

28. Define and fully explain 
the terms: Daily, Annual, and 
Secular Variation. 

29. Descril)e the stadia and de- 
duce the formula* for its use. 

30. How many feet i\tv rep- 
resented by one inch on a scale 
of yo\,o^V How many acres are 
rt*pres(»nted by one sfjuare inch on 




I 

S 
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a scale of 



' 9 

5 <» 5 • 



f 398.6 acres. 



31. Compute the area of Fi^. B, which represents a recent 
suney of a farm, fn)m the following data : 

A B = ;n7.Sfrct; 

B F = 284.3 feet; 

F A = 250.5 feet ; 

F r = 512.7 feet; 

F I) = 510.0 feet; 
D EF = 00*^00'; 
KFD - 69° 45'; 
I) F C = Cr 12'; 
r FB = 49° 30'; 

Ans. Are^a = 5 acR»s 103 
rods 81 sq. feet. 

32. Describc^fully the 
field work of carrying out 
a stadia survey over un- 
even ground. 

33. A triangle ABC 
has sides with the follow- 
ing lengths and azimuths ; 




Klj?. I). 



A lij 

CAJ 



312 feet;Z 
540.4 feet ;Z 
624.0 feet; Z 



45 degrees. 
135 degrees . 
285 degrees. 



Compute the latitude differ- 
ences and longitude differences 
and the double longitudes for 
each course. 

34. The bearing of .1 C (Fig. 
C) is N 8i° E, that of AD 
is N 46° E. Find the value of the 
angles C .4 D and D ^ £. 

35. Find the angle ABC 
(Fig. D) when the bearing of 
AB is 42° E, and that of J? C 
is S 29}° E. What will B A he 
when the first bearing is re»- 
versed? 




Fig. E. 
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1. Let it be required to prepare a table of declinations for 
July 16, 1904, for a point whose latitude is 38'^ 30', and which lies 
in the '^ Eastern Time '' belt. The sun's apparent declination at 
Greenwich Mean Noon for that date is 21"" 24.3' and the hourly 
change is - 24" .38. 

2. The lengths and bearings of the sides of a field are as 
follows : 

It is required to find 
the length of Course 2 and 
the bearing of Course 3. 

3. In your own words 
explain fully the various 



Station. 


Distance. 


Bearings. 


1 
2 
3 
4 


12.41 

8.25 
4.24 


82rw 

N83J'i'^E 
N 47'^ W 



methods of surveying areas by the plane-table. Prepare a sketch 
for each case. 

4>. Explain the term '' adjusting the triangle '' and why 
adjustment is necessary. 

5. A certain grade line has a fall of 12.5 feet in one-half of 
a mile. Determine the percentage of grade and the vertical angle 
corresponding to it. 

6. In Fig. 103 given BC = 385 feet; ABC = 70° 05'; 
ACB = 63^ 28'. Calculate the length of BD and the length of 
AD, and plot the ligure accurately. 

7. It is required to determine the linear convergence for a 
township situated in latitude 43^ 18' north. 

8. In your own words describe fully the adjustments of the 
plane-table in their order. 
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9. Explain under what circumstances the transit and stadia 
may be used and when the plane-table may be used. Enumerate 
the advantases and disadvantajres of each instrument. 

10. In Fig. 95 the scale reading was 8J and the reading of 
the head 26. Determine the crrade of the line AB. 

11. In Fig. 101 given UK =-265 feet; AIIE = 112" 30'; 
BIIE ^ 35' 10'; BEII = 116 ; 13EA = So . It is required to plot 
the figure accurately and to find the angle AHD, the length 
of HI), and the length of AD. 

12. Explain in your own language the methods of using a 
steel ta})e in the measurement of a ])ase. 

13. The lencrths and bearin(^s of the sides of a field are as 
follows: 

~ It is required to find 

. the lencrth and bearino" of 



Stations. Distances, i Hf'arin''s. 



1 10. ai 

2 4.10 

;j 7.r.y 

4 



g 



Course 4. 



X52^E 

S29rE 1. T fl 

S312 W 14:. in the measure- 

' ment of a base line, the tape 



is divided into eight sections of 50 feet eacli. The weight per foot 
of tape is .0145 lbs. The tension apj)lied to the end of the tape is 
15 lbs. Determine the amount of shortening of each tape length. 
If there are 75 full ta])e lengtlis in measured base line, determine 
the total corrections for satif. 

15. Explain fully in your own words the nature of Topo- 
graphical Surveying and what instruments are })articularly adapted 
to this work. 

16. A line is to be run at a grade of 4.75 [)er cent. Explain 
fully how this would be dom^ with the gradienter. 

17. In Fig. Ill given UK = 375 feet; angle CBE' = 112 25'; 
angle CE'I> — 52 16'. Plot the figure accurately to a scale of 100 
feet to the inch, ('alculatt^ the lencrth of lU' and if stake B is 
numbered ISO -)- 36, determine the number of stake C. 

18. In your own words describe the plane-table and its uses; 
its advantages and disadvantages. 

1\), Explain fully the organization of a to})ogra[)hic party 
using the transit and stadia, and explain th(^ method of keeping the 
field-notes. 
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Aberration 

Abney hand-level 

Acute angle, definition of 

Acute-angled triangle, definition of 

Agonic lines 

Altitude of a star, definition of 

Altitude of triangle, definition of 

Angles, measurement of 

Annual variation 

Assembly drawing 

Azimuth 

B 

Base measurement 

apparatus for 

errors in 

tape-stretcher 
Base of triangle, definition of 
Beam compasses 
Bearings, to change 
Bench-mark, definition of 
Black prints, formula for 
Blue-print solution, formula for 
Blue printing 
Boston rcKl 
Bow pen 
Broken line, definition of 

Capital letters 
Central angle, definition of 
Chaining on slopes 
Chord, tleflnition of 
Chromatic ul)errati()n 
Cin-Ios. definition of 

Note — For poi/c niimbira ace foot of ptif/ra. 
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Clinometer 


39 
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54 
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Compass 


76 


256 


adjustment 


79 


256 


magnetic needle 


77 


76 


sights 


78 


148 


tangent scale 


78 


257 


use of 


80 


260 


Compasses, drawing 


220 


75 


Cone, definition of 


264 


356 


Conic sections, definition of 


265 


97 


Cross-section rotl 


49 




CYoss-sectioning 


69 




Cube, definition of 


262 


173 


('urved line, definition of 


255 


174 


Cycloid, definition of 


267 


174 


Cylinder, definition of 


263 


178 
257 
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229 


Deflection angles 


119 


87 


Departures 


88 


66 


Diurnal variation 


75 


357 


Dividers 


223 


357 


Division of lantl 


99 


355 


Drawing lK)anI 


213 


49 


Drawing instruments and materials 


211 


224 


l>eam compasses 


229 


255 


l)oanl 


213 
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224 
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224 


232 


compaKses 


220 


260 


dividers 
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IS 


drawing i)en 


224 
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erasers 


214 
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Boston 

(T088-section 

levplinf? 

New York 
Roman capitals 



S 



SciileH 

Secant, definition of 
Sector, definition of 
Secular variation 
Shade lines 
Solar transit 

adjustments of 

use of 
Sphere, defhiition of 
Spherical alwrration 
Spirit level 
Sfiuaro. definition of 
Stadia 

use of. in field 
Stadia rods 
Steel tapes 

Straight line, definition of 
Surface, definition of 
Surveying 11- 

azimuth 

base measurement 

Boston nxl 

clinometer 

compass 

cross-section rod 

farm 

geo<ietic 

pradientiT 

Gunter's chain 

hand level 

level bubble 

leveling? instruments 

leveling rod 

measurement of lines 

meridian 

New York rod 

plane 

I»lane-tabl<' 

ranging ikjIcs 
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203 


259 


vernier 


31 


200 


Surveyor's trunsit 


111 


4 O 

307 


T 




149 


T-wiuare 


215 


1.01 


Tables 




153 


base meusurement 
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96 
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land measure 


14 


00 


latitude coelflcients 


150 
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mean refraction at \arious 


altitudes 155 


127 


polaris data 


138 


132 


refraction correction 


158 
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Tachymeter 


111 
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Tangent, definition of 


259 
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178 


209 


Telemeter 


134 
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111 


173 


Thinl plane of projection 


301 


49 


Thumb tacks 


213 
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ToiK)grapliic-al surveying 


189 


76 
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field oiwrations 


190. 199 
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methcxl of i»nH*edure 


192 
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organ! /at i(»n of party 


200 


141 


photography 


202 


13 


plane table and stadia 


201 


37 


transit and stadia 


199 


34 


Tracing 


354 


51 


Transit 


104 


41 


arl just ment 


112 


12 


engineer's 


HI 


102 


to "set up" 


117 


47 


solar 


149 


11 


surveyor's 


111 
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Transit -thecylo! it e 


111 


50 


TraiH'/.iuni. definition of 


257 



390 



INDEX 



Trapezoid, definition of 
Traversing 

checking the traverse 

keeping notes 
Triangles, deflnition of 
Triougulation 

adjusting triangle 

angles, measuring 

base line, measuring 

radiating 
True meridian 

Note. — For page numbfra see foot of pagea. 
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76 
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Vertical line, definition of 


31 
25fi 


204 


W 




207 


Wye level 
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